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Abstract 
At the Beginning of the STEM Pipeline: A Case Study Exploring Preadolescent Female 
Students’ Attitudes Toward Science, Perceptions of Scientists, and Developing Career 
Aspirations 
 
Lucy V. Heacock, Ed.D 
Drexel University, May 2016 
Chairperson: Penny Hammrich, Ph.D. 
 
 
The continuous underrepresentation of women in science, technology, 
engineering, and math (STEM), referred to as the leaky pipeline, has been examined from 
multiple perspectives internationally, while the attitudes and perceptions of preadolescent 
girls regarding STEM remain largely ignored. Employing a constructivist paradigm, this 
qualitative case study explored the perceptions and attitudes of 40 public elementary 
school female students across three grade levels regarding science, scientists, and career 
aspirations. Mixed-methods data collections included three survey instruments combined 
with semi-structured interviews. Self-efficacy, stereotype threat, and career choice theory 
provided the framework for the overarching research question: What are the attitudes and 
perceptions of female preadolescent students at the third, fourth, and fifth grade levels 
regarding science and scientists, and how might these dispositions affect their early 
development of STEM career aspirations and interests? The Three-Dimensions of 
Student Attitude Towards Science (TDSAS) instrument informed the exploration of self-
efficacy; the modified Draw-A-Scientist Test (mDAST) and Rubric informed the 
exploration of stereotype threat; and the STEM-Career Interest Survey (CIS) informed 
the exploration of career aspirations. Semi-structured interviews were conducted with six 
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participants. Results from this study indicated that the majority of the preadolescent girls 
thought science was an important topic to study and displayed an attitude of self-
confident ability to learn science and be successful in science class. They highly enjoyed 
scientific experimentation and deeply valued problem solving. While they inferred they 
did not experience gender bias, the girls did engage in stereotyping scientists. Over half 
the girls expected to use science in their future careers, while a minority had already 
determined they wanted to be scientists when they grow up. The study concludes with 
recommendations for education stakeholders and for future research. 
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CHAPTER 1: INTRODUCTION TO THE RESEARCH 
Introduction to the Problem 
In the United States, it is vitally important that as a nation we maintain our 
standing as a leading-edge developer of scientific processes and innovation in the 21st 
century (Rice, Barth, Guadagno, Smith, & McCallum, 2013). To support this position, 
women can offer new insights, skills, processes, and leadership capabilities to enhance 
existing and emerging 21st century science, technology, engineering, and math (STEM) 
organizations (Jackson, 2013). However, it is well documented that women are 
underrepresented in STEM academic disciplines and careers not only in the United States 
but in other countries as well (Archer et al., 2010, 2012; Else-Quest, Mineo, & Higgins, 
2013; Jackson, 2013; Leaper, Farkas, & Brown, 2012; Owens, Smothers, & Love, 2003; 
Rosenthal, London, Levy, & Lobel, 2011; Thoman, Arizaga, Smith, Story, & Soncuya, 
2014; Vingilis-Jaremko & Vingilis, n.d.). According to the U.S. Census Bureau (2010), 
51% of the U.S. population is female, yet there is a dearth of women in the STEM fields 
(Jackson, 2013). For example, less than 30% of recent doctoral degrees in STEM fields 
were awarded to women (Leaper et al., 2012). 
Research (Archer et al., 2010, 2012) underscores that women are equally as 
capable as men in science and math and express interest in science and math at early 
ages. These findings beg the question, why is it that many female students do not pursue 
STEM along the educational pathways? Some researchers in the STEM fields refer to this 
phenomenon as a “leaky pipeline” when describing women’s lack of participation in 
STEM careers (Robnett, 2013; Skaggs, 2011).  
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To meet this ongoing need for a general increase in STEM participation in the 
United States, increased participation by women in STEM careers and STEM leadership 
is critical (Owens et al., 2003). Research suggests that careers in STEM fields offer 
significantly higher income and wages of which women may not avail themselves 
without participation in these fields (Good, Woodzicka, & Wingfield, 2010). In addition, 
the lack of women in STEM creates societal power imbalances and diminishes the supply 
of female talent in the STEM fields (Skaggs, 2011). Thus, STEM industries in general 
suffer from a lack of expertise caused by the underrepresentation of women in STEM 
(Archer et al., 2010; Sax, 2013). According to a report by the staff of the Chairman of the 
Joint Economic Committee, Senator Bob Casey (2012), “Women’s increased 
participation in the STEM workforce is essential to alleviating the shortage of STEM 
workers” (p. 5). Therefore, it may be beneficial to locate and explore the origins of the 
underrepresentation of women in STEM.  
Perceptions and attitudes of female students at an early age about science and 
scientists might exist that may affect their long-term interests toward science beyond their 
early school years, thereby affecting their potential long-term interest in STEM fields. 
While science and math are predominantly core subjects in school curricula, the subjects 
of technology and engineering are not usually part of the general core studies at the 
elementary level. Therefore, this research focused specifically on the perceptions and 
attitudes of preadolescent female students in grades 3, 4, and 5 in the subject area of 
science to understand if and how their perceptions and attitudes may affect their early 
interests toward careers in the STEM fields. 
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Statement of the Problem to Be Researched 
There is a seeming lack of research around the underrepresentation of females in 
the STEM fields that specifically explores the attitudes and perceptions about science, 
scientists, and early career interest development from the perspective of female 
preadolescent students. New research may reveal an understanding of contributions to the 
beginning of the leaky STEM pipeline. 
Purpose and Significance of the Problem 
The purpose of this qualitative bounded case study was to explore female 
preadolescent students’ attitudes about science and perceptions of scientists, specifically 
during the third, fourth, and fifth grade levels, and how these attitudes and perceptions 
might affect potential early development in STEM career interests. Female 
schoolchildren’s early perceptions toward science and about scientists may contribute to 
the underrepresentation of females in the STEM fields as these perceptions and attitudes 
may begin as early as preadolescence and continue through adolescence and beyond. 
Exploring students’ attitudes and perceptions about science from the students’ 
perspectives at this age may offer insight to the phenomenon of the underrepresentation 
of females in STEM, at the beginning of the pipeline. If these early attitudes and 
perceptions can be identified and explored, insights may be offered to offset the lack of 
long-term participation by females in the STEM fields.  
Studies have been conducted that examine the underrepresentation of women in 
STEM from the perspective of the secondary and college levels (Brenner & Warren, 
2013; Bryant et al., 2013; Rosenthal et al., 2011). For example, Betz and Sekaquaptewa 
(2012) studied the role of female role models in relation to stereotype threat on female 
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middle school students’ STEM experience. There is limited research, however, about the 
perspectives of elementary children, particularly female students, at the early stages of 
elementary childhood education. By understanding the attitudes and perceptions 
regarding science and scientists from the female children themselves, new insights about 
their interests toward science may be gained. Consequently, efforts may be directed to 
favorably increase young female students’ early perceptions, attitudes, and interest in 
science, which might then have a positive effect on the early stage formation of the 
STEM pipeline. Educational policy makers, parents, education researchers, teachers, and 
society in general may benefit from increased insights and potential understandings about 
these attitudes and perceptions. 
Research Questions 
The following research questions informed and directed this qualitative case 
study. 
1. What are the attitudes about science held by preadolescent female students at 
the third, fourth, and fifth grade levels? 
2. What are the perceptions about scientists held by female preadolescent 
students at the third, fourth, and fifth grade levels?  
3. How might these attitudes and perceptions affect the choices females make in 
the early development of career aspirations and interests to participate in the 
STEM fields?  
The Conceptual Framework 
Researcher Stance and Experiential Base 
The research paradigm that underpins the interest and formation of this study is 
one of social constructivism (Bloomberg & Volpe, 2012). Social constructivism puts 
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forth the notion that reality is created by the participants in the contextual setting in 
which they participate, and thus the participants arrive at what is real to them based on 
their experiences and perceptions constructed from context and setting. It was the 
subjective point of view of the study’s participants that was critical to know in order to 
understand and acknowledge their perceptions of reality. To get at and to reveal this 
understanding, a constructivist researcher poses questions to collect and then elicit 
meaning from the data provided by the participants themselves (Bloomberg & Volpe, 
2012). In this study, the context of the school environment provided a background for 
exploring the attitudes and perceptions about science from the perspective of young 
female students at the third through fifth grade levels of a public elementary school.  
The researcher had spent over 25 years as a teacher of multiple subjects, including 
science, in each of the first through sixth grade levels. Through first-hand observation 
and experience, the researcher had observed an apparent shift in attitude by female 
students, most notably at the sixth grade level, toward the study of science in school, as 
evidenced by their behaviors and attitudes in science class. A seeming decline, albeit 
subtle perhaps, in interest and attitude about science occurred. If such a reality exists, this 
researcher was interested in what may contribute to this disinterest, at what grade levels 
might it begin, and if a decline in science interest may eventually contribute to the 
erosion of the STEM pipeline and the underrepresentation of women in the STEM fields. 
Furthermore, the researcher was guided to “pursue topics that are of a personal interest-
issues that relate to marginalized people and an interest in creating a better society for 
them and everyone” (Creswell, 2012, p. 20). Conceivably, new research may contribute 
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to ultimately increasing a positive interest in the pursuit of career choice in the STEM 
fields by women.  
Conceptual Framework 
Three organizational themes from the literature emerged to serve as a framework 
for this qualitative case study: self-efficacy; gender stereotype; and career choice theory 
(Figure 1). While these themes overlap and influence each other, they served as a 
workable framework to situate the research topic.  
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Three streams of research. 
 
 
 
Self-Efficacy 
The theory of self-efficacy proposes that one’s behavior and choices are affected 
by beliefs in one’s self-competence or ability to be successful at particular tasks 
(Bandura, 1977, 1993). Such constructs may begin to take shape early in life and inform 
our perceptions, attitudes, abilities, self-worth, interests, and pursuits (Archer et al., 2012; 
Kohlhaas, Lin, & Chu, 2010a). Gender roles and self-identity form early in life and are 
influenced by family, peers, friends, culture, ethnicity, economics, education, and society 
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(Rosenthal et al., 2011). In the context of exploring females in STEM, the construct of 
self-efficacy is critical to understanding the motivation and attitudes of female 
preadolescent students. Research has been conducted to understand how hegemonic 
stereotypes of student performance in science persist among fifth grade students 
(Kohlhaas et al., 2010b). Other research has been conducted to examine factors like peer 
and parental influence and gender-identity beliefs and attitudes (Leaper et al., 2012). 
Classroom environment and teachers’ impact on student self-efficacy have also been the 
focus of recent studies (Rice et al., 2013). 
Gender Stereotype and Inequality  
Gender issues of stereotype, stereotype threat, and inequality must be addressed to 
understand factors for the lack of female STEM participation. Researchers have studied 
these issues to varying degrees. For example, Shapiro and Williams (2012) investigated 
how parents and teachers pass on negative views and attitudes about STEM to young 
girls, which may influence their own negative attitudinal formation toward STEM. Using 
the Draw-A-Scientist Test (DAST), Steinke et al. (2007) conducted a study with seventh 
graders to test media literacy interventions designed to alter children’s stereotypical 
images of a scientist. Their findings suggested that both males and females engaged in 
gender stereotyping. Other research was conducted to explore the impact of stereotypical 
textbook images of scientists on students as a possible contribution to the gender gap in 
science (Good et al., 2010). Bryant et al. (2013) posited that science anxiety is greater for 
females than males up through college, and the anxiety can be induced by stereotypical 
images of scientists. Further, they concluded that their results suggested that there was an 
underlying perception that “female science” is different from “male science” (p. 442). 
Another study supports that a sense of belonging can be affected by peer and teacher 
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behaviors, institutional practices, and biased environmental and social cues that may 
contribute to negative gender stereotypes (Thoman et al., 2014). 
Researchers have studied the issue of gender inequalities. Science and technology 
are not gender-neutral constructs; they are stereotyped as masculine (Skaggs, 2011). 
Skaggs (2011) posited that students learn early that to be successful in their school 
careers they must behave and conform to sanctioned gender roles, which undermines the 
interests and pursuits of females in the STEM pipeline by placing the burden on the 
female to conform to the social and political constructs of STEM. Kohlhaas et al. (2010a) 
suggest that as early as third grade in preadolescent children, there is a wide achievement 
gap in science across gender, ethnicity, and poverty, establishing that inequalities are 
prevalent in science at this early stage. 
Career Choice Theory 
Seminal works and theories have been proposed in recent years to explore career 
development, career aspirations, and career choices. The Social Cognitive Career Theory 
(SCCT) was put forth by Lent, Brown, and Hackett (1994) in an effort to unify what 
other researchers were postulating about the matter of how careers form and manifest. 
Lent et al. (1994) posit that these constructs are not fixed but rather evolve. Self-efficacy, 
expectations for the outcome of situations, and goal formation are domains that 
contribute to SCCT. The theory examines how interests in academics and careers form, 
how choices in academics and careers are determined, and how success is garnered. 
According to some studies, these cognitive constructs may begin to develop certainly by 
middle school but as early as middle childhood and preadolescence. If academic and 
career choice developments are socially constructed cognitive functions, their impact on 
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the attitudes of female children toward STEM careers should be examined, particularly in 
light of females’ self-efficacy and gender stereotype studies.   
Definition of Terms 
Adolescent (early). An age range of 12 to 14 years old.  
Gender inequality. Differences or disparities in individuals due to gender 
(Archer et al., 2010).  
Gender gap. The discrepancy in opportunities, status, attitudes, etc., between 
males and females. 
Leaky pipeline. A metaphorical term to express the attrition of females in STEM 
(Skaggs, 2011). 
Preadolescent. Age range of 8 to 12 years old. 
Self-efficacy. One’s beliefs in one’s ability to succeed in task completion and 
reach goals (Jackson, 2013). 
Socioeconomic. Relating to or concerned with the interaction of social and 
economic factors. 
Stereotype threat. A self-confirming belief that one may be evaluated based on a 
negative stereotype (Thoman et al., 2014). 
Assumptions and Limitations  
Several assumptions underlie this study. First, the researcher assumed that, as a 
result of an extensive literature search, no case study like this one had been conducted. 
Second, the researcher assumed that conducting this case study at the researcher’s site of 
employment would add to the study’s efficacy for action research and solution finding. 
Third, the researcher assumed that participation by the female student population under 
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study would yield data for analysis to help inform teachers, school administrators, and 
parents—that is to say, site educational stakeholders in the lives of these students. Fourth, 
the researcher assumed that this study’s findings would create awareness that female 
children’s attitudes and perceptions about science and career choice are important to 
consider for the design of interventions at the beginning stages of education that support 
the representation of women in STEM and mitigate the continuing underrepresentation of 
them.  
There were several limitations to this study. First, the population in this study was 
limited to female students because it is the underrepresentation of women in STEM, not 
the underrepresentation of males in STEM, that was the focus of interest. The population 
in the study did not include the researcher’s classroom population or any students that the 
researcher had previously taught or currently teaches. Second, the sample population of 
participants was drawn from a target population that comprised students without an 
individualized educational program (IEP). This limitation was due to the study’s focus on 
females that may represent the overall general education population. The general 
education population was representative of a majority of students in public education, and 
thus the study design would be more readily transferrable to other similar populations, 
although they would not be generalizable. Bloomberg and Volpe (2012) state, “a caveat 
of case study research is that generalizability is not the goal, but rather transferability—
that is, how (if at all) and in what ways understanding and knowledge can be applied in 
similar contexts and settings” (p. 31). Thus, due to the bounded nature of this case study, 
research results would not be generalized to a larger population. Fourth, because the 
researcher was a teacher who taught at the site where the data was collected, every effort 
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was made to limit researcher bias. In addition, sixth grade students were not included in 
this study because they formed a segment of the overall population that often is included 
in middle school research studies where sixth grade is part of a middle school structure. 
The kindergarten, first, and second grade levels were also excluded as they were beyond 
the scope of this particular study. Finally, the Three-Dimensions of Student Attitude 
Towards Science (TDSAS) instrument used in this study was tested and validated with a 
third grade student population in China, so some interpretation and translation of the 
questionnaire items may potentially have contributed to responses that were indicated as 
neutral.  
Summary 
There is little disagreement that females are underrepresented in the STEM fields. 
This gender gap shortchanges society in general because it results in a lack of innovative 
thinking and creative talents of females. Society becomes diminished without the 
uniquely rich insights and contributions that women can bring to the advancement of 
scientific knowledge and innovation. On an individual level, when females do not 
participate in STEM, they may miss out on career aspirations and economic 
opportunities. The attitudes and perceptions about science and scientists by female 
students at an early age may impact their science self-efficacy and STEM interests and 
contribute to an underrepresentation of females in science at the beginning of the 
pipeline. Uncovering and understanding these attitudes and perceptions from students’ 
perspectives give educational stakeholders an opportunity to design interventions to 
counteract the causes of the “leaky pipeline” at its origins.  
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CHAPTER 2: LITERATURE REVIEW  
 Introduction 
The fact that women are underrepresented in the science, technology, engineering, 
and math (STEM) academic disciplines and careers, not only in the United States but also 
in other countries, is well documented (Archer et al., 2010, 2011; Else-Quest et al., 2013; 
Jackson, 2013; Leaper et al., 2012; Owens et al., 2003; Rosenthal et al., 2011; Thoman et 
al., 2014; Vingilis-Jaremko & Vingilis, n.d.). In the United States, it is vitally important 
that as a nation, we maintain our standing as a leading-edge developer of scientific 
processes and innovation in the 21st century (Rice et al., 2013). To meet this demanding 
need, a growing interest by women in STEM careers and STEM leadership is critical 
(Owens et al., 2003).  
STEM industries in general lack representation of diverse populations (Archer et 
al. 2010; Sax, 2013). The lack of females pursuing STEM education and careers creates 
societal power imbalances and diminishes the supply of female talent in the STEM fields 
(Skaggs, 2011). Populating the STEM fields with females is important because women 
can offer new insights, skills, processes, and leadership capabilities to enhance existing 
and emerging 21st century STEM organizations (Jackson, 2013). Additionally, research 
suggests that careers in STEM fields offer significantly higher income and wages, of 
which females may not avail themselves without participation in these fields (Good et al., 
2010).  
The underrepresentation of females, or lack of their participation, in STEM 
disciplines and careers, is often referred to as the “leaky pipeline” (Robnett, 2013; 
Skaggs, 2011). The metaphor is commonly used to refer to the various points at which 
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female students leave STEM studies and female science practitioners leave STEM jobs 
(Blickenstaff, 2005). The underrepresentation of females in STEM disciplines and fields 
may begin at early ages. Females’ attitudes toward science and their science achievement 
on standardized tests may be negatively impacted by self-confidence, cultural 
expectations, stereotype threat, parents, teachers, and peer behavior (National Science 
Foundation [NSF], 2002).  
Many studies have focused on collegiate, secondary, and middle school students’ 
experience with regard to studying STEM (Blickenstaff, 2005; Jackson, 2013; Robnett, 
2013; Rosenthal et al., 2011). Notably, much attention has been given to understand that 
if females are equally as capable as males and express interest in science and math at 
early ages as research suggests (Archer et al., 2010, 2012), why is it that females do not 
pursue STEM further along the road? A significant portion of studies includes a focus on 
students’ STEM interests beginning at the middle school level. There is less research 
about the late childhood and preadolescent STEM experience. 
To explore the phenomenon of female underrepresentation in STEM fields at the 
beginning of the STEM pipeline, a literature review was conducted guided by the 
following questions: 
1. What are the attitudes about science held by preadolescent female students 
at the third, fourth, and fifth grade levels? 
2. What are the perceptions about scientists held by female preadolescent 
students at the third, fourth, and fifth grade levels?  
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3. How might these attitudes and perceptions affect the choices females 
make in their early development of career aspirations and interests to 
participate in the STEM fields?  
To conduct the search of the literature, key words and phrases were used, such as: 
females in STEM; STEM in elementary, middle school, secondary, undergraduate, and 
graduate education; institutional sexism in schools; gender inequality in education; 
STEM gender gap; STEM pipeline; stereotype threat; Draw-A-Scientist Test; and career 
choice theory. The literature around the STEM topic is extensive and complex. For this 
literature review, peer-reviewed journal articles, a book review, published conference 
proceedings, a house subcommittee hearing, three dissertations, and current news articles 
were examined. Three organizational streams emerged from research of the literature: 
self-efficacy; gender stereotype and inequality; and career choice theory. While these 
streams overlap and influence each other, they serve as a workable framework to situate 
the research topic.  
Literature Review 
Self-Efficacy 
Bandura’s (1977, 1993) theory of self-efficacy proposes that one’s behavior and 
choices are affected by beliefs in one’s self-competence or ability to be successful at a 
particular task. Pajares (1996) explored the relationship between self-efficacy and 
academic performance. His research found that while girls’ and boys’ abilities were 
similar in a variety of school activities, girls often reported lower self-efficacy. 
“Investigations are particularly needed at lower academic levels, especially those in 
which these sorts of self-beliefs begin to be created” (Pajares, 1996, p. 565). 
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These self-belief constructs begin to take shape early in development and inform 
our perception of our attitudes, abilities, sense of self-worth, interests, and pursuits 
(Archer et al., 2012; Kohlhaas et al., 2010a). Gender roles and self-identity form early in 
life and are influenced by our family, peers, friends, culture, ethnicity, economics, 
education, and society (Rosenthal et al., 2011). The construct of self-efficacy is important 
for understanding early perceptions of female preadolescent students’ attitudes toward 
STEM. 
For example, conducting qualitative research through focus group interviews of 
42 London-based students, ages 10 and 11 years old at the outset of a longitudinal five-
year study, Archer et al. (2010) analyzed the variables of social class, gender, and 
ethnicity and their impact on the construction of self-identity as well as the attitudes and 
beliefs young students generate about science. Archer et al. (2010) concluded that the 
most well-designed and executed school interventions to positively position children’s 
interests in careers of science may not stand up to the deeply embedded psycho-social 
and cultural constructs developed early on by young students. 
Huang (2012) conducted a meta-analysis to study the differences in gender as 
related to academic self-efficacy. The meta-analysis data suggested that gender gaps 
increase by age with regard to academic self-competence. This finding has important 
implications for academic and career choices made by students. Huang (2012) posited 
that even the differences in achievement in early life, which may impact girls’ self-
efficacy, might result in economic differences in later life.  
Using gender identification theories, Archer et al. (2012) found that girls have to 
construct a balance between the perceptions of femininity as an identity and the perceived 
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masculinity of science. Similar to the research done by Archer et al. (2010, 2012), 
Kohlhaas et al. (2010b) analyzed the impact of the interaction among gender, ethnicity, 
and poverty on the achievement of fifth graders in science to understand how hegemonic 
stereotypes of student performance in science persist. Their research showed that males 
outperformed females in science, and that poverty and ethnicity together have a greater 
effect on science achievement than either factor alone (Kohlhaas et al. 2010a). 
Furthermore, analysis revealed that females lacked ability and confidence in science. 
Females experienced greater anxiety in science than males did, and ethnic females below 
poverty level were the most vulnerable for underperformance in science achievement 
(Kohlhaas et al., 2010a).  
However, the research of Kohlhaas et al. (2010a, 2010b) is refuted by Else-Quest 
and associates (2013), whose own research (Else-Quest, Hyde, & Linn, 2010) points to 
evidence that ability by gender is insignificant, and that attitude is far more indicative of 
pursuit in STEM. For example, Else-Quest et al. (2013) conducted extensive research in 
several Philadelphia neighborhood public high schools to look at gender differences 
across four ethnic groups of 10th graders: Asian American, Latino/Latina, African 
American, and White. Else-Quest et al. (2013) used the Eccles (1994) expectancy value 
framework that posits that one makes decisions based on positive attitudes, beliefs, and 
the expectation of being successful at tasks that are perceived to hold value. That is, 
decisions are shaped by one’s self-concept of ability to be successful. Thus, Else-Quest et 
al. (2013) maintained, as is supported by other studies (Ceci & Williams, 2007; Halpern 
et al., 2007; Hyde & Linn, 2006; Spelke, 2005; Xie & Shauman, 2003), that aptitude and 
ability are not factors in the dearth of female participation in STEM.  
17 
 
Leaper et al. (2012) used Eccles, Wigfield, Harold, & Blumenfeld’s (1993; see 
also Eccles & Wigfield, 2002) expectancy value model, supported by a construct of self-
efficacy (Bandura, 1977, 1993), to serve as a framework to examine factors like peer and 
parental influence and gender-identity beliefs and attitudes. Since science and math are 
regarded as stereotypically masculine, Leaper et al. (2012) suggested that peer support in 
science motivates female interest in science, perhaps even more than parental support 
functions as a motivating influence.  
Neathery (1997) suggested that at early ages favorable attitudes toward science 
must be developed and maintained. Her research analysis of international assessments of 
9- to 13-year-old students suggested that males showed more excitement for science than 
did females. 
Rice et al. (2013) endeavored to show how the support of parents, teachers, and 
friends affects students’ interests in studying science. Rice et al. (2013) built upon 
previous studies (Gutman & Eccles, 2007; Wilkins & Ma, 2003) on the impact classroom 
environment, gender, and grade-level exert on students’ self-efficacy with the study of 
science and math. According to Rice et al. (2013), previous studies (Barth et al., 2011; 
Correll, 2004) have had inconsistent conclusions. That students perceive science and 
math as masculine is noted by Archer et al. (2012) and is supported by Rice et al. (2013). 
They conclude that attitudes and self-efficacy issues are complex and understudied, 
requiring further inquiry and understanding as to how to increase female interest in 
STEM studies and careers. This research contains significant qualitative and quantitative 
data about the effects of perceived support by friends, family, and teachers on the 
attitudes, motivation, and abilities of female students in STEM.  
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Jackson (2013) identified the critical need for female support systems and the role 
they play to ensure the successful transfer of female community college students 
interested in pursuing STEM careers to their study at university. Qualitative semi-
structured interviews with five women resulted in the understanding that females’ self-
efficacy with STEM at the college level may be credited to academic staff and faculty 
mentor support, as well as family support early in their lives in the completion of the 
STEM field programs (Jackson, 2013).  
Gender Stereotype and Inequality 
Gender stereotype, stereotype threat, and gender inequalities are interrelated 
constructs that present issues in the study of the underrepresentation of women in STEM. 
This stream addresses these constructs and research that has been conducted through 
various studies. The theory of stereotype threat suggests that when one is made aware of 
a negative stereotype that relates to their group’s domain ineffectiveness, the ability to 
perform a task successfully is mitigated by the threat of the stereotype. This threat creates 
a motivation to disconfirm identification with the stereotype which decreases the 
executive functioning to successfully execute the task, thereby creating the effect that 
was trying to be avoided (Schmader, 2010).  
Using a multi-threat stereotype framework, Shapiro and Williams (2012) 
investigated how parents and teachers pass on negative views and attitudes about STEM 
to young girls, which may influence their own negative attitudinal formation toward 
STEM. Shapiro and Williams (2012) claimed that when executive functioning efforts are 
compromised, female learners are distracted away from STEM, undermining their efforts 
for success in STEM subjects. Interventions such as self-affirmations, role models, and 
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teaching about stereotype threat can mitigate stereotype threat (Shapiro & Williams, 
2012).  
Archer et al. (2012) and other researchers (Francis, Skelton, & Read, 2012; 
Shapiro & Williams, 2012) recommend that efforts must be made to help teachers and 
students deconstruct the stereotypes around gender that are popular and taken for granted. 
There is little doubt that cultural influences on today’s youth are transmitted through 
mass media. Children’s perceptions, attitudes, beliefs, and orientation toward science and 
scientists are formed throughout childhood from an array of cultural and social influences 
(Tenenbaum & Leaper, 2003).  
In a report by the NSF (2002), data showed that scientist television roles might 
play a part in shaping the attitudes of people toward scientists. In the limited amount of 
television roles portraying scientists, White men played 75% of the roles, compared to 
13% by women. 
Research from the University of Washington (2011) has suggested that as early as 
second grade children believe the stereotype construct that math is not for girls, but for 
boys. Further, this perception is created from cultural influences that impart that math is 
more appropriate for boys than girls. The University of Washington researchers 
suggested that children are receiving the social, parental, peer, media, and teacher cues 
that take place around them. 
Blickenstaff (2005) investigated the impact that role models and educational 
textbooks impart on the leaky pipeline of STEM, noting that efforts to change girls’ 
attitude toward STEM subjects as being unattractive may help to produce greater 
retention in the STEM pipeline.  
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To explore the perception of scientists at different academic stages, researchers 
have used the Draw-A-Scientist Test (DAST), originally devised by Chambers (1982) 
and based on the seminal work of Mead and Metraux (1957). The purpose of the original 
DAST 11-year longitudinal study was to try to ascertain the age at which children begin 
to devise what a scientist looks like (Chambers, 1982). Variables such as culture, 
intelligence, gender, and socioeconomic background were studied for the impact on the 
images drawn by students, the majority of which were in the second and third grades. 
Chambers (1982) concluded the stereotypical image of the scientist formed as early as 
second grade.  
Steinke et al. (2007) analyzed over 300 seventh-grade students’ responses in the 
DAST, upon which the researchers designed and tested interventions with media literacy 
to alter the children’s stereotypical images of a scientist. Not surprisingly, their findings 
suggested that both males and females engaged in gender stereotyping.  
Medina-Jerez, Middleton, and Orihuela-Rabaza (2011) employed the Draw-A-
Scientist Test (DAST-C) to investigate the perceptions of Bolivian and Columbian fifth 
through eleventh graders of science and scientists. The data suggested that the majority of 
students perceived science as a male-dominated domain. Further, if females were 
depicted in the drawings, they were featured in a secondary role, such as standing off in 
the corner or standing next to the male scientist.  
Farland-Smith, Finson, Boone, and Yale (2012) tested a new Draw-A-Scientist 
Test (DAST-M) protocol and rubric to assess appearance, location, and activity of the 
scientist in the drawing. These DAST-M data are significant. Farland-Smith et al. (2012) 
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state, “Perceptions of scientists held by students relate to their attitudes toward science 
and self-efficacy in science courses” (p. 356).  
Good et al., (2010) conducted research to explore the impact of stereotypical 
textbook images of scientists on students as a possible contribution to the gender gap in 
science. They also weighed the effect that counter-stereotypical images may have in 
mitigating science anxiety and performance by females. Good et al. (2010) claimed 
science anxiety does not appear until high school. However, Kohlhaas et al. (2010b) 
claimed that science stereotypes impact the achievement of students as early as fifth 
grade.  
Bryant et al. (2013) suggested that science anxiety is greater for females than 
males as late as in college. Employing the Spielberger State Anxiety inventory to assess 
science anxiety among ninth and tenth graders, they found that the inventory results 
indicated that gender science achievement was impacted by anxiety induced by 
stereotypical images of scientists but they did not measure this accumulated effect over 
time. Bryant et al. (2013) conducted a qualitative study using the Science Anxiety 
Questionnaire and designed a constructivism questionnaire to analyze the anxiety towards 
science of U.S. and Danish early college students. Their results concluded that females in 
both countries were more anxious than males, and that there exists an underlying 
perception that ‘“female science” is different from “male science” (Bryant et al, 2013, p. 
442). Corroborating the findings of Steinke et al. (2007), they posit that changing the 
beliefs and attitudes of students would reduce science anxiety. This strategy may be 
possible for students enrolled in college science courses, but it does little to address when 
these anxieties begin. Finally, as in other studies (Good et al., 2010; Ma, 2008), a 
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recurring recommendation is for teachers to be sensitive to these constructs and adjust 
their instruction accordingly (Bryant et al., 2013).  
Thoman et al. (2014) examined what happens to female STEM students when 
they experience the “chilly climate” (p. 247) of male-dominated STEM fields. The 
researchers conducted quantitative interval diary research with undergraduate female 
STEM majors who were also taking non-STEM courses. Variables of self-competence, 
self-liking, class interest, and sense of belonging were measured to understand how 
women’s feeling of self-belonging in STEM classes competes with their sense of 
belonging in non-STEM classes. According to Thoman et al. (2014), peer and instructor 
behaviors, institutional practices, and biased environmental and social cues can affect a 
sense of belonging, which may contribute to negative gender stereotypes. Thoman et al. 
(2014) posit that women with low self-competence but high self-liking may be pulled 
away to non-stem classes resulting in decreased participation in STEM.  
  Else-Quest et al. (2013) measured gender differences in STEM attitudes across 
four ethnic groups and found that gender stereotypes can appear as early as second grade, 
that young girls report hearing sexist comments about math from their peers and teachers, 
and that stereotypes abound about ethnic ability in math and science.  
National media have examined the manifestation of stereotype threat on young 
females in the toy aisle. Claims have been made that the color pink, used to indicate girls’ 
aisles of toys, can negatively impact the attitudes of young females toward STEM fields 
by not providing educational and entertainment material that counteract popular cultural 
norms for young girls (Dockterman, 2014).  
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Desert, Jund, and Preaux (2009) used the 1938 Ravens’ Progressive Matrices 
Instrument to study the age at which negative ethnic and gender stereotypes are 
acknowledged. Desert et al. (2009) noted that children as young as first grade, regardless 
of their own socioeconomic status (SES), were convinced of the high-ability stereotype 
of high SES students compared to students with low SES. Wigfield and Eccles (2000) 
suggested that while adolescents generally know gender stereotypes, very young children 
might know gender stereotypes as well. 
The inequitable treatment of people based on gender has been the subject of much 
research (Riegle-Crumb, Moore, & Ramos‐Wada, 2011). The gender gap in the STEM 
fields has long gained considerable attention. Gender inequality is often offered as a 
contributing construct to partially explain the underrepresentation of females in STEM 
(Riegle-Crumb et al., 2011). For example, it is argued that science and technology are 
masculine-dominated because these fields are not gender-neutral constructs but are 
masculine constructs resulting from a socialized stereotype notion that STEM fields are 
masculine (Skaggs, 2011). Thus, gender issues must be addressed to understand the 
underrepresentation of female STEM participation (Shapiro & Williams, 2012). Students 
learn early that to be successful in their school careers they must behave and conform to 
sanctioned gender roles, placing the burden on females to conform to the social and 
political constructs of STEM (Skaggs, 2011). Thus, the use of alternative courses and 
curricula to counter science anxiety and support self-efficacy in female students, where 
their skills and traits match the environment in which they choose to study or work, is 
conducive (Skaggs, 2011). This finding further supports the research of Rosenthal et al. 
(2011), who studied the mitigating effects of females in STEM in a single-sex program, 
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with the findings suggesting that females experienced a greater feeling of belonging in 
those programs. 
Kohlhaas et al. (2010a) conducted a national study to show that inequities in 
science occur as early as third grade across gender, ethnicity, and poverty. Using a three-
way ANOVA test on a national science assessment, results across all domains showed 
significant disparity in science achievement. Kohlhaas et al. (2010a) did not explore 
causes in this study but suggested that as early as third grade in preadolescent children, 
there is a wide achievement gap in science in third graders across gender, ethnicity, and 
poverty. This finding helps to establish that inequities are prevalent in science at this 
early stage. In terms of interventions to decrease the inequities, Kohlhaas et al. (2010a) 
point to schools, teachers, science teacher training programs, science materials, and 
resources as interventions to meet the needs of all third graders.  
Beilock, Gunderson, Ramirez, and Levine (2010) studied math achievement of 
females in the first and second grades as related to the math anxiety level of their 
teachers. Data suggested that the young female students were more influenced by their 
teachers’ math anxiety than were the male students in the class. Consequently, the female 
students who endorse the stereotype threat that boys are better at math than girls perform 
less capably in math. Additionally, Beilock et al. (2010) speculated that the teachers’ high 
math anxiety was a result of a societal stereotype of female math ability.  
Vingilis-Jaremko and Vingilis (n.d.) explored feminist theory, similar to Skaggs 
(2011), in addition to sociological and psychological research studies, to explore gender 
inequality and the underrepresentation of women in STEM after decades of problem 
identification and interest. The authors posited, “At an early age, children attain concepts 
25 
 
of sex-appropriate activities, behaviours, attitudes, and goals, i.e., sex-role stereotypes” 
(Vingilis-Jaremko & Vingilis, n.d., p. 1).  
Robnett (2013) looked at the effects that peers have on women and girls in the 
STEM pipeline at three educational levels—high school, college, and graduate school. 
She also explored how pervasive sexism is at each level and the effects peer support 
might have specifically on females who have experienced sexism. Her findings went 
against her hypothesis that perceived sexism was experienced at the graduate level. 
Instead, it was most pervasive at the undergraduate level, which may impact where some 
interventions would be most viable. Friends and family may offer support, but that 
possibility was not tested. Furthermore, the intention to stay in STEM programs might be 
linked to actually staying in the program; thus, motivation, confidence, and 
belongingness can contribute to the persistence to remain (Robnett, 2013). Although 
sense of belongingness was found to be least important, Robnett (2013) posited that 
outreach programs at the undergraduate level that strengthen relationships among females 
might be very effective to buffer against sexism. 
In a book review of Rosser’s (2012) work, Breaking into the Lab: Engineering 
Progress for Women in Science, Sax (2013) discusses the contribution this book makes to 
the field of gender equity in STEM. Sax (2013) points out the author’s discussion about 
the gender gap in terms of patents obtained by females in STEM. Sax (2013) notes from 
the author that female scientists should not become administrators too quickly because 
they cannot effectively administrate and conduct research at the same time. However, that 
may be true of males also. In this way, Rosser may be contributing to the very issue she is 
railing against. Sax (2013) comments on the author’s intervention strategies, yet part of 
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the challenge is to get males to read and implement the strategies as they make up the 
majority of the mentors. Sax (2013) also observes that underrepresentation hurts 
individuals’ careers and income.  
Rosenthal and associates (2011) investigated the effects that participating in a 
single-sex STEM educational program had on women in a co-educational university, 
using the Women in Science and Engineering (WISE) program at Stony Brook 
University. The purpose of the longitudinal study was to examine if participating in such 
programs increases the feeling of belonging in the STEM majors as well as belonging at 
the university. Rosenthal et al. (2011) looked at perceptions of compatibility with being 
female and being in STEM, along with perceived social support from family, peers, and 
friends and their perception of being supported by the STEM single-sex program. 
Rosenthal et al. (2011) concluded that despite the sexism that women face in STEM 
fields, single-sex STEM educational programs in co-educational schools can help 
mitigate feelings of bias and marginalization that women can feel, particularly during 
transitional periods into university such as freshman year. Furthermore, Rosenthal et al. 
(2011) posited that female STEM role models may increase and sustain young women’s 
engagement in the STEM fields. Notably, this assertion counters the research of Betz and 
Sekaquaptewa (2012), who suggested the opposite effect occurs. Also, it must be noted 
that this research was conducted on females previously identified as STEM students and 
therefore does not address the effects that such programs may have on females declaring 
STEM interest who were not part of the WISE program, nor does it study them beyond 
their freshman year to see if they continue in STEM. 
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Career Choice Theory 
Gottfredson’s (1981) seminal work addressed the developmental theory of the 
emergence of career preferences around one’s cognitive and environmental conditions. 
Children’s perceptions of barriers and cultural expectations shape the constructs of career 
preference by gender and perceived social value of the aspired to occupation 
(Gottfredson, 1981). She posits that children are circumscribed through four stages with 
what they perceive to be acceptable occupational roles based on gender and status: stage 
one, for 3- to 5-year-olds, is about size and control; stage two, for 6- to 8-year-olds, is 
when gender stereotype roles appear; stage three, for 9- to 13-year-olds, is about 
awareness of job prestige or status; and stage four, for 14-year-olds and beyond, regards 
the formation of self-concept (Gottfredson, 1981). Furthermore, according to Gottfredson 
(1981), compromise occurs with the realization that the most desirable occupation may 
be unattainable, and alternatives are sought where status is less of a factor than gendered 
roles. 
Another seminal work on career choice comes from the development of social 
cognitive career theory (SCCT) by Lent et al. (1994). They built a framework of social 
cognition, based upon Bandura’s (1977, 1993) self-efficacy theory, for understanding the 
development of a career around (1) interest, (2) options, and (3) persistence and 
performance. The researchers posit that interests are developed through learning, and that 
social factors and cognition impact career development interests. Deriving from a 
constructivist view, they recommend that children be exposed to environmental processes 
that provide activities related to occupations, as children will over the course of time 
develop skill sets, standards, and choices based on their efforts. SCCT applies to both 
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academic as well as career orientation because it is generally understood that academic 
study leads to similar and related career choice.  
In other research, Schultheiss (2008) posits that a need exists for studying 
children’s work behavior related to career interest due to limited focus on childhood 
career development. Reviewing the work of theorists Gottfredson (1981), Lent et al. 
(1994), and Super (1990), Schultheiss (2008) notes that the majority of these theorists’ 
research focus is limited to populations of adolescents and adults. She further reviews 
childhood career research studies, noting their sparseness and fragmentation. Schultheiss 
(2008) posits there are “relative absences of childhood research on self-concept, self-
efficacy, career maturity, and values” (p. 10). Shultheiss (2008) states,  
Programs that introduce elementary students to the world of work and help them 
to understand the connection between what they are learning in school and what is 
expected in the work world are integral to promoting life-long learning, a 
productive educational environment, and future successful transition from school 
to work life. (p. 12)  
 
Based on her research, Schultheiss (2008) proposes that career development is a process 
that ought to be commenced in early childhood to bridge the gap between theory, 
research, and application as it applies to childhood career development. Her 
recommendation is to conduct qualitative methodological studies, which would provide a 
greater understanding due to the contextual nature of such approaches. 
In other research, Capobianco, French, and Diefe-Dux (2012) identified that few 
studies have been conducted to understand how preadolescents begin to form an 
engineering or science identity. They developed and tested the Engineering Identity 
Development Scale (EIDS) for elementary school children’s engineering identity 
assessment, specifically for use in the first through fifth grades. In discussing the 
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limitations of studies with young children Capobianco et al. (2012) suggest, “One 
approach to addressing this limitation is to conduct semi-structured interviews. By 
interviewing students, either individually or through focus groups, researchers can gain 
insight into their existing knowledge, understanding of the EIDS items, and their 
responses” (p. 711).  
In a study conducted by Christensen, Knezek, and Tyler-Wood (2014), the 
authors analyzed data from two groups of high school students about their attitudes and 
perceptions toward STEM careers. The Career Interest Questionnaire (CIQ) and STEM 
Semantics surveys were used. When data were compared to a group of grade 4 and grade 
5 student participants in a NSF project on digital fabrication, implications were made 
suggesting that elementary student interest in STEM was positive, and efforts should be 
made to maintain that interest, which appears to exist at early levels (Christensen et al., 
2014). 
Cundiff, Vescio, Loken, and Lo (2013) conducted a study with undergraduate 
men and women to explore if an association between gender stereotype exists with career 
aspirations in science and with science identification. They concluded that for women a 
strong identification with gender stereotype produced weak science identification, which 
resulted in weak aspirations for science careers; the opposite was true for men. 
Mills (2013) advocated, “Reliable predictive models are needed to identify 
student interest in and evaluate change in student perceptions of STEM contents and 
careers beginning in the elementary school years” (p. 2). She conducted quantitative 
analysis of data over a two-year period across grades 6 and 7 for both genders to 
understand the factors that may contribute to middle school students’ interest in STEM 
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careers. Pre- and post-participation data in an energy-monitoring STEM intervention 
program were examined to measure student perceptions related to STEM career choice 
decision making. 
Wang and Degol (2013) conducted a review of literature relating to gender 
differences and motivation toward STEM pathways using expectancy value theory as a 
framework, where success is derived from success expectation and task value. From this 
stance the authors considered sociocultural, contextual, psychological, and biological 
factors that inhibit or contribute to motivation and performance for engagement in STEM 
academic and/or career pursuits (Wang & Degol, 2013). The authors note, “the STEM 
pathway is composed of a series of choices and achievements that commence in 
childhood and adolescence” (Wang & Degol, 2013, p. 305). Motivation influences 
performance, performance influences choice of career, and this choice may begin 
development in early childhood.  
Aschbacher, Ing, and Tsai (2014) conducted research around middle school 
students’ self-concept, attitudes, and beliefs about their interest in science career 
aspirations. Using expectancy value theory, they studied data from two surveys about the 
beliefs, science self-perceptions, and science values of eighth and ninth grade southern 
California students as related to science, technology, engineering, and medical career 
interests. They found that the students’ beliefs in their ability to learn and do science 
indicated the likelihood that they would be interested in science-related careers. They 
constructed four categories of students: “Science is Me; Science is Not Me; I Value 
Science but I Don’t Do It Well; I Can Do Science but I Don’t Value It Highly” 
(Aschbacher et al., 2014, p. 739). They found that students’ perceptions of their ability to 
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do science-related to their aspirations to pursue science career interests. However, the 
majority of students (57%) identified that they could not do science nor saw benefit in it. 
Furthermore, “The vast majority were not in the Science Is Me group, i.e. they did not 
have a lot of confidence in their science learning abilities and/ or did not value such 
learning very highly” (Aschbacher et al., 2014, p. 741) Additionally, Aschbacher et al. 
(2014) point to studies that suggest that students believe that abilities to do science are 
static and not dynamic, thereby resistant to change through effort and opportunistic 
experiences. They conclude that schools ought to build into their strategies and pedagogy 
opportunities for building student science self-confidence and create science learning 
activities that motivate students through task relevant identification and related awareness 
of science careers. 
Ing, Tsai, and Aschbacher (2014) looked at gender differences related to seventh, 
eighth, and ninth grade students’ interests in science and engineering careers. Their 
longitudinal study found that females were less likely to demonstrate interest in 
engineering than science for career choice and that knowing an engineer did not 
positively impact female interest in engineering, while it did for males in the study (Ing et 
al., 2014). Furthermore, both females and males were interested in helping others with 
environmental and health concerns, although females were indisposed to problem 
solving, design, technology, and invention (Ing et al., 2014). Additionally, the authors 
posit that early school experiences in science and early interest in science may be factors 
that relate to high interest in science careers.  
More recently, Watson, Nota, and McMahon (2015) reviewed past, current, and 
future research in childhood career development studies regarding four specific areas: 
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diverse settings, implications for policy, practice and assessment, and theoretical 
advances. Watson et al. (2015) noted that in a major text by Sharf (2013) on child career 
development, little research or theory development has occurred at this early lifespan 
phase. Watson et al. (2015) posit, however, that foundational career constructs are formed 
in early childhood, thus necessitating a more systemic approach to career development 
attitudes and perceptions, particularly in light of working with 21st-century technologies 
and market complexities and are “free of gender-occupational stereotypes” (p. 177). They 
also assert that these skills ought to be developed as soon as possible to adequately 
prepare children for their future occupations. This recommendation speaks to the 
understanding that context shapes career aspirations as much as cognition and behavior. 
Contextual factors include parental, peer, educational, and societal influences. These 
authors make the case for more research on policy and practice at the elementary school 
level by indicating a stronger association between socioeconomic well-being and career 
pursuits.  
Howard, Flanagan, Castine, and Walsh (2015) conducted a study to understand 
the career choice influences on 72 children across the kindergarten, fourth, and eighth 
grade levels to examine influences that may impact career choice. By means of an open-
ended, semi-structured interview protocol, questions similar to “What do you want to be 
when you grow up?” and “How did you decide that?” were asked (Howard et al., 2015). 
The researchers found that the number of influences increased by age. They concluded 
that children have the capacity to freely demonstrate understanding of some influences 
that may help shape their career aspirations and recommend that “future research should 
seek to explore the ways in which demographic variables such as socioeconomic status, 
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gender, and ethnicity shape children’s perceptions of influence” (Howard et al., 2015, p. 
109). 
Summary 
The literature presented here lends itself to the exploration of the 
underrepresentation of females in STEM. There is a plethora of research in varying 
degrees around the topic of females in STEM. The problem is complex and multilayered 
as self-efficacy, gender stereotype and inequality, and career choice theory all impact to 
some degree females’ attitudes, perceptions, motivation, and interest levels toward the 
STEM fields.  
There has been much research on middle school, secondary school, higher 
education, and career choices of females interested in STEM and factors that may impact 
the underrepresentation of females pursuing STEM at these stages (Archer et al., 2010, 
2011; Else-Quest, et al., 2013; Jackson, 2013; Leaper et al., 2012; Owens et al., 2003; 
Rosenthal et al., 2011; Thoman et al., 2014; Vingilis-Jaremko & Vingilis, n.d.). An 
apparent gap in the research literature is the study of female preadolescents’ attitudes 
toward science. Further, there is a lack of research exploring young females’ perceptions 
about scientists. Finally, while there is substantial research about career choice and 
development, there is a dearth of studies that examine the relationship between these 
aforementioned attitudes and perceptions about science, the construct of self-efficacy and 
gender stereotype, and how the intersection of these developments affects the decisions 
of young females regarding future STEM course selections and career choices. Continued 
research in these areas can aid in understanding what may happen at the beginning of the 
STEM pipeline to shore it up to prevent leaks along the way. 
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CHAPTER 3: RESEARCH METHODOLOGY 
Introduction 
The purpose of this qualitative case study was to explore female preadolescent 
students’ attitudes about science, their perceptions of scientists, and their career interests 
through the participation of 40 female students from across the third, fourth, and fifth 
grade levels of a public elementary school. Many studies have been conducted to 
understand the lack of female participation in science, technology, engineering, and math 
(STEM) (Archer et al., 2010, 2011; Else-Quest et al., 2013; Jackson, 2013; Leaper et al., 
2012; Owens et al., 2003; Rosenthal et al., 2011; Thoman et al., 2014; Vingilis-Jaremko 
& Vingilis, n.d.). Issues and factors that may cause the leaky STEM pipeline have been 
studied primarily at the middle school, secondary, collegiate, graduate, and career levels. 
Few studies, if any, have exclusively explored young female children’s perceptions of 
science and scientists, particularly in relation to developing career interests. This study 
sought to fill this gap in the literature.  
The following research questions informed and directed this qualitative case 
study. 
1. What are the attitudes toward science held by preadolescent female students at 
the third, fourth, and fifth grade levels? 
2. What are the perceptions about scientists held by female preadolescent 
students at the third, fourth, and fifth grade levels?  
3. How might these attitudes and perceptions affect the choices females make in 
their early development of career aspirations and interests to participate in the 
STEM fields?  
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This chapter’s description of the study methodology begins with the study’s 
research design and rationale, is followed by a description of the site and population used 
for the study, continues with a description of the research methods employed, and ends 
with ethical considerations underpinning the study.  
Research Design and Rationale 
To gain an understanding of the attitudes of female preadolescent students toward 
science, their perceptions of scientists, and their science-related early career interests, a 
qualitative case study was conducted with 40 female students from the general education 
population, without IEPs. The participants, from the third, fourth, and fifth grades, took 
surveys, which were followed by in-depth open-ended interviews of six female students 
randomly selected from the original 40 students. According to Bloomberg and Volpe 
(2012), “Qualitative research is suited to promoting a deep understanding of a social 
setting or activity as viewed from the perspective of the research participants” (p. 27). A 
qualitative study allowed the researcher to capture rich data through conducting an in-
depth study that explored children’s attitudes and perceptions from their own perspective, 
in addition to the survey data collected. Other studies have explored the 
underrepresentation of females in STEM through qualitative and quantitative designs, but 
quantitative designs do not necessarily express the voices of those in the study. This 
study therefore served to underscore the value of a qualitative orientation. This 
qualitative case study thus endeavored to lead “to an understanding that provides voice to 
individuals who may not be heard otherwise” (Creswell, 2012, p. 206). 
A bounded case study approach was deemed appropriate for this qualitative study. 
According to Creswell (2012), conducting a case study provides an in-depth investigation 
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within a bounded system. Creswell (2012) states, “Bounded means that the case is 
separated out for research in terms of time, place, or some physical boundaries” (p. 465). 
Furthermore, Merriam (2009) suggests that a bounded system would be exemplified by 
“one particular classroom of learners” (p. 41). The bounded case study approach lent 
itself to this research study, with each grade level contributing to the formation a single 
case within a particular school. Case studies of female students within these grade levels 
were, to this point of the researcher’s knowledge, non-existent. Thus, this study sought to 
fill a gap in the extant literature to understand if the perceptions and attitudes about 
science and scientists by preadolescent female students changed over a period of time and 
affected their interests in science that may lead to interest in STEM careers. For example, 
the perceptions of a seven-year-old in third grade may differ from the perceptions of an 
eleven-year-old in fifth grade. Therefore, this study was conducted with female students 
from the third, fourth , and fifth grade levels, which represent longitudinal age and grade 
level differentials amongst the students. 
Site and Population 
Population Description 
The sample population in this study was comprised of 40 female students in the 
general education population classrooms from the third, fourth, and fifth grade levels of a 
suburban elementary school in the mid-Atlantic United States. This population was 
primarily White, with socioeconomic levels that ranged from middle class to upper 
middle class. The total student population across the third, fourth, and fifth grade levels at 
this educational institution was 220 to 250 students. Female students comprised 
approximately 50% of the student body in each classroom. Students were in the 7- to 11-
year-old age range. The total target population from which the sample of 40 girls was 
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drawn was approximately 100 girls from 11 co-educational classrooms from third 
through fifth grades. Two female students from each grade level participated in the Draw-
A-Scientist Test and a semi-structured interview. 
Site Description 
The study was conducted at a K-6 elementary school in a large mid-Atlantic U.S. 
suburban school district of about 20,000 students, providing a natural and contextual 
setting for the study that was conducive for a qualitative design (Bloomberg & Volpe, 
2012; Cresswell, 2012; Krathwohl & Smith, 2005; Merriam, 2009). The elementary 
school site had a total student population of about 700 students comprised from two 
sections of half-day kindergarten and four sections of each grade level, grades 1 through 
6. Each class was heterogeneously grouped by academic ability and gender. Generally, 
special education students were mainstreamed into regular education classrooms in the 
subjects of science and social studies. General education classroom teachers were 
responsible for delivering the science curriculum. The teachers for the target population 
were female at each grade level with two noted exceptions. There was one male teacher 
at the fourth grade level and one male teacher at the fifth grade level. The educational 
levels attained by the students’ parents were predominantly college or graduate level.  
In general, all students within a classroom or grade level received their instruction 
for all subjects from the same teacher. The only exception was instruction for math 
enrichment at the fifth grade level. Some students received their math instruction from a 
teacher on the grade level other than their regular classroom teacher.  
Site Access 
The researcher was a teacher at the research site. Therefore, the researcher 
secured permission to conduct the study through an informal meeting with the school site 
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principal. A formal written request for permission to conduct the study at the site with the 
student participants was emailed to the principal. The principal offered to seek further 
permission for the study from the district assistant superintendent on behalf of the 
researcher. At the request of the principal, the email contained the research study abstract, 
as well as a proposed timeline for completing the study. A description of the sampling 
plan for selection of the participants, a description of the proposed methods for data 
collection, a copy of the parental and student consent and assent forms, as well as the data 
collection survey instruments and questionnaires and proposed semi-structured interview 
questions were provided for review. Concurrently, Institutional Review Board (IRB) 
permission from the researcher’s university was requested and obtained before the study 
commenced. 
Research Methods 
Description of Methods Used 
The following is a list of the methods and strategies that were used to triangulate 
the study data in this qualitative case study. According to Merriam (2009), “a case study 
does not claim any particular methods for data collection or data analysis. Any and all 
methods of gathering data, from testing to interviewing, can be used in case study” (p. 
42).  
1. The STEM Career Interest Survey (STEM-CIS) 
2. The modified Draw-A-Scientist Test (mDAST) and rubric 
3. The Three-Dimensions of Student Attitude Towards Science (TDSAS) 
instrument 
4. Semi structured in-depth interviews 
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The first three methods were composed of survey documents that were used to 
support and triangulate the semi-structured open-ended interview phase of data 
collection. The qualitative methods were buffered by quantitative data through the 
surveys. Taken together, these methods provided a rich and robust picture of the case 
study.  
STEM-CIS Survey  
Instrument description. The STEM Career Interest Survey (STEM-CIS; Kier, 
Blanchard, Osborne, & Albert, 2014) is a psychometric instrument consisting of four 
subscales, science, technology, math, and engineering, developed to measure the interest 
of middle school students to pursue STEM-related courses and careers and the factors 
that may contribute to that interest if one exists (see Appendix C). Permission to 
implement the survey and/or any of its constituent parts was acquired from the authors 
through email. The researcher only used the science subscale portion of the instrument, as 
it is the science subscale that was most relevant to the study. It consists of 10 questions 
on a Likert scale. The STEM-CIS instrument served in part to explore the construct of 
career choice theory as it relates to the applicable research question.  
Participant selection. Fifty female students were invited to participate in the 
survey part of the case study. Purposeful sampling strategies were used. The type of 
purposeful sampling strategy used was that of typical case sampling. According to 
Bloomberg and Volpe (2012) typical case sampling is when “Individuals are selected 
because they represent the norm and are in no way atypical, extreme, or very unusual” (p. 
248). The participants were selected through a random numbers table developed for each 
grade level. 
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Drawing from the available student population of approximately 100 female 
students, about half were invited to potentially participate for a total of 50 invitees. Only 
those students who received their daily instruction for all subjects in the regular education 
classroom were invited to participate. This population of about 100 girls across the third, 
fourth, and fifth grade levels was comprised of about 10 girls from each of the three third 
grade classrooms for a total of 30 girls in the third grade (of which 15 girls were invited 
to participate); about eight girls from three of the fourth grade classrooms and six girls 
from the other the fourth grade classrooms for a total of 30 girls from the fourth grade (of 
which 15 girls were invited to participate); and about 10 girls from each of the fifth grade 
classrooms for a total of 40 girls (from which 20 girls were invited to participate). 
Aggregated, these 50 potential participants formed the sampling frame from the sum of 
15 girls from the third grade, 15 girls from the fourth grade, and 20 girls from the fifth 
grade.  
The parents of the original 50 students and the students themselves received 
information about the purpose of the study, the design of the study, and information about 
the IRB process by way of letter to the students’ parents. The parents and students 
received IRB consent and assent forms attached to the letter. Forty students responded for 
an 80% response rate. Furthermore, six female students were drawn from the sampling 
frame of 40 participants for the semi-structured interview and Draw-A-Scientist Test 
portion.  
From those students willing to participate in the study with their parents’ 
approval, additional purposeful random sampling was performed from that sample of 40 
girls. Bloomberg and Volpe (2012) state, “This strategy supposedly adds credibility to the 
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study, although the initial sample is based on purposeful selection” (p. 248). By way of 
purposeful random sampling from those agreeing to participate, a smaller subset of two 
students from each grade level formed the final total sample frame of six female students 
for the interview and DAST portion of the study. These six girls formed the final study 
participant sample. This allowed the researcher to conduct a manageable case study. 
Small samples enabled the researcher to delve more deeply into the study for rich data, 
particularly during the conduct of the interview data collection. According to Krathwohl 
and Smith (2005), “If everybody is about the same, other things being equal, you can 
estimate from a few cases” (p. 89). Due to ethical considerations, girls who had been or 
were currently students of the researcher were not invited to participate.  
Identification and invitation. This survey was administered to the 40 female 
participants as identified and described above. They were assigned numerical identifiers 
for the purpose of anonymity and confidentiality. The STEM-CIS instrument was given 
to the 40 participants during the first part of the study.  
Data collection. The data was hand tabulated by the researcher, put into a 
Microsoft Excel spreadsheet, and displayed in tabular and graphical formats. 
mDAST and Rubric Survey  
Instrument description. The modified Draw-A-Scientist-Test (mDAST) and 
DAST Rubric (Farland-Smith et al., 2012) constitute an instrument designed to measure 
the perceptions of scientists by children as well as adults. The mDAST and DAST Rubric 
measure three subscales, appearance, location, and activity. It is a protocol designed to 
capture the perceptions of scientists through drawings and is deemed reliable and valid 
through field-testing. According to Farland-Smith et al. (2102), “the DAST Rubric, when 
administered along with the mDAST and evaluated by trained individuals, is a reliable 
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tool in identifying perceptions, which are helpful in nurturing interest in scientists and 
science among students (p. 365).” The mDAST was administered as a second phase part 
of the study to six participants collectively who had been randomly selected from the 
original 40 participants. The mDAST and Rubric author had offered to train the 
researcher in the scoring procedures, if deemed necessary. The researcher hand scored the 
results. The researcher also had two colleagues independently score the mDAST, from 
which a modal score was ascertained. This protocol was used to examine the construct of 
stereotype threat in conjunction with the students’ perceptions of scientists. 
Participant selection. The participants were those same participants described 
above. 
Identification and invitation. This survey was only administered to those six 
students previously identified and invited as described above. 
Data collection. The researcher was not trained by the instrument’s author to 
assess the mDASTs with the Rubric, as the author deemed it unnecessary for the 
researcher. 
TDSAS  
Instrument description. The Three-Dimensions of Student Attitude Towards 
Science (TDSAS; Zhang & Campbell, 2011) survey is a 28-item psychometric instrument 
that measures elementary students’ attitudes toward science from the third grade level on. 
It was developed to “inform understandings about student attitude on the following three 
constructs: student affective feeling about science, student cognitive judgment of science 
based on their values and beliefs about science, and student behavioral tendencies in 
learning science” (Zhang & Campbell, 2011, p. 597). It has been tested and deemed a 
reliable and valid instrument (see Appendix B). 
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Participant selection. The participants were those same participants described 
above. 
Identification and invitation. This survey was administered to those 40 students 
previously identified and invited as described above. 
Data collection. The data were collected and hand scored by the researcher.  
In-Depth Interviews  
Instrument description. Semi-structured in-depth interviews were held 
individually and one-on-one between each of the six participants and the researcher. Each 
interview lasted approximately 25 minutes. The interview protocol, consisting of 10 
open-ended questions (see Appendix A), had been piloted with two third grade 
preadolescent females. The interviews served to follow up the survey instrument 
responses.  
Participant selection. The participants were those same participants described 
above. 
Identification and invitation. The participants were those students previously 
identified and invited as described above. 
Data collection. The researcher recorded the interview questions and answers 
digitally. Landmark Associates transcribed the recordings verbatim. The researcher 
recorded memos during data collection for collecting thoughts and ideas. Additionally, 
the researcher recorded notes describing the behavior of each participant. All data were 
formatted through Microsoft Excel spreadsheets and Microsoft Word documents. The 
interview data and survey data were locked and stored by the researcher at the time of the 
data collection.  
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Data Analysis Procedures 
Coding of the interview data was used to construct emerging categories reflecting 
the concepts guiding the research questions. An open coding system was employed, 
followed by axial or analytical coding. The survey results were displayed in simple 
descriptive statistics tables and graphs. 
Stages of Data Collection 
The timeline for the study data collection was in the winter of the 2015-2016 
school year. A two-week window was allocated for each part of the study, which 
occurred between the end of the first marking period and the beginning of the third one. 
This allowed for coding and data analysis during the winter of the same school year, 
across the second and part of the third marking periods.  
Ethical Considerations  
In any qualitative study, consideration for ethical behavior, conduct, analysis, and 
reporting is critical. Most important is the protection of the participants themselves. The 
study was carried out in such a way that no harm would be done to the participants. The 
privacy and protection of the participants was strictly secured in adherence with both the 
IRB of the university and the school site’s district policies. Participants’ names and other 
identifiers were not disclosed in the study report. Anonymity and confidentiality of the 
participants were strictly maintained. The participants were informed that they may drop 
out of the study at any time without any aspect of feeling emotional, mental, or physical 
harm or in any experience any retaliation from the researcher. 
As the researcher was also a teacher at the proposed site, every consideration by 
the researcher to eliminate any bias was strictly maintained. In qualitative case studies, 
the researcher is a participant in the study. Because of the nature of this study, any 
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students who would have been considered as candidates to participate were not invited if 
they had been or were currently a student of the researcher. 
The ethics of the researcher influence the integrity of a qualitative study 
(Merriam, 2009). Integrity is paramount to ensuring the reliability and validity of the 
study. Thus, a number of procedures guided the design of the study and informed the 
implementation of the research. They included triangulation of the survey data with the 
interview data; continuous reflexive practices by the researcher about self-biases and self-
assumptions; researcher’s colleagues’ review of collected data; writing memos during the 
data collection phase to provide an audit trail; and rich thick descriptions that might allow 
for transferability of the study, recognizing that generalizability was not the goal of the 
study. 
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CHAPTER 4: FINDINGS, RESULTS, AND INTERPRETATIONS 
Introduction 
This chapter describes the findings of this research study, which explored the 
following questions. 
1. What are the attitudes about science held by preadolescent female students at 
the third, fourth, and fifth grade levels? 
2. What are the perceptions about scientists held by female preadolescent 
students at the third, fourth, and fifth grade levels?  
3. How might these attitudes and perceptions affect the choices females make in 
their early development of career aspirations and interests to participate in the 
STEM fields?  
The chapter also provides analysis and interpretation of the findings through the 
lens of the conceptual framework and the literature review discussed in Chapter 2. The 
findings are substantiated through collected survey data, interview data, and the results of 
the Draw-A-Scientist Test (DAST). A summary of the study’s findings, results, and 
interpretations concludes the chapter. 
Case and Participant Description 
This investigation was a qualitative bounded case study at a suburban public 
elementary school in the mid-Atlantic United States. The qualitative case study method 
was selected because it may lead “to an understanding that provides voice to individuals 
who may not be heard otherwise” (Creswell, 2012, p. 206). 
Forty female students formed a collective sample from the third, fourth, and fifth 
grade levels. Each participant took the Three-Dimensions of Student Attitude Towards 
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Science (TDSAS) survey and the STEM-Career Interest Survey (STEM-CIS). From this 
group of 40 participants, six randomly selected female students, two each from the third, 
fourth, and fifth grade levels, were interviewed and administered the DAST. A deductive 
process of coding was used around the themes of attitude, perception, and career interest, 
aligning with the conceptual framework of self-efficacy, gender stereotype, and career 
choice theory. 
Findings 
Finding 1: The majority of preadolescent girls held positive affective feelings toward the 
study of science.  
Gleaned from both the TDSAS data of 40 female participants and interview data 
from six randomly selected female students, a majority of the participants (75% agreed or 
strongly agreed) indicated they enjoyed learning science in school. Furthermore, a 
majority (85% agreed or strongly agreed) of students indicated that learning science is 
fun. Four of the six interviewees reported that science is one their favorite subjects to 
learn in school. One participant for whom writing is her favorite subject shared, “science 
is boring” but then added that science was “sometimes fun and cool.” Another student 
who valued both science and writing equally expressed, “in science you get to do a lot of 
experiments, but in writing you get to like write about them, and have a lot of feelings 
when you write.” This sentiment was echoed by a third student’s positive regard for both 
science and writing. “I like doing science cause there’s so much experiments and fun 
stuff, and writing, I just think I’m a really good writer. I like science a little bit more than 
writing, but they’re both the same.”  
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A majority of all participants (95% agreed or strongly agreed) indicated that 
science is an important subject to learn in school. This importance was underscored by 
75% (agreed or strongly agreed) of the students’ responses that they would be happy to 
solve real-world problems using science knowledge acquired in school. The value of 
learning science as a vehicle to facilitate learning other subjects was agreed or strongly 
agreed to by 58% of the students. As stated by one student about the study of science, “I 
think it’s important. Science will help you do other careers … like math. Science is a 
little bit math, and math is a little bit of science…. You really have to know science to do 
most things.” 
While 85% (agreed or strongly agreed) of students thought science is important to 
life, 68% of students agreed or strongly agreed that science has relevancy to their lives. 
For one student, science relevancy was related to measurement. “Well, it’s important for 
like when you’re cooking because you have to measure stuff.” When queried about their 
curiosity about nature, 75% agreed they were curious about nature, with 65% desiring to 
increase their knowledge about the natural world around them. As one student expressed, 
“I liked in second grade when we observed the owl pellets.” 
A majority (63% agreed or strongly agreed) of students revealed that science 
problem solving is fun, with a significant portion (88%) of students preferring to solve 
problems in science through experimentation rather than being supplied or told the 
answer. For example, one student proclaimed her favorite science topic to be Matter and 
recounted the following experiment as an example. “One time, we filled up like this cup 
of water. Then we dropped in like a rock. Then we saw how much it weighed.” Another 
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student described her penchant for science problem solving: “Well, you get to do 
experiments and figure things out.” 
Table 1 summarizes the data from the affective domain section of the TDSAS by 
percentages (N = 40) on the TDSAS Likert scale.  
 
 
Table 1 
Summary of TDSAS Student Affective Feeling Toward Science    
Item 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
N = 40 / % 
1.  I think it is very important 
to learn science.  
0/0.0 0/0.0 2/5.0 20/50.0 18/45.0 
2.  I like learning science very 
much. 
0/0.0 1/2.5 9/22.5 9/22.5 21/52.5 
3.  I think learning science is 
fun. 
0/0.0 0/0.0 6/15.0 10/25.0 24/60.0 
5.  Science is very important 
to our life. 
0/0.0 0/0.0 6/15.0 14/35.0 20/50.0 
7.  I want to know more about 
the natural world. 
0/0.0 1/2.5 13/32.5 9/22.5 20/42.5 
10. I think it is fun to solve 
science problems. 
0/0.0 2/5.0 13/32.5 12/30.0 13/32.5 
11. I like to find out why 
something happens by 
doing experiments rather 
than being told. 
0/0.0 0/0.0 5/12.5 6/15.0 29/72.5 
16. Learning science will help 
me to learn other subjects. 
0/0.0 6/15.0 11/27.5 12/30.0 11/27.5 
22. Science is relevant to our 
lives. 
0/0.0 2/5.0 11/27.5 13/32.5 14/35.0 
26. I would be happy if I 
could solve real problems 
by using science 
knowledge I learned in 
school. 
0/0.0 3/7.5 7/17.5 11/27.5 19/47.5 
27. I am curious about the 
natural world around me. 
0/0.0 1/2.5 9/22.5 12/30.0 18/45.0 
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Finding 2: The majority of preadolescent girls indicated positive behavioral tendencies 
toward learning science within school. However, fewer girls reported interest in science 
endeavors outside of school.  
 A majority (95% strongly agreed or agreed) of the students overwhelmingly 
expressed enjoyment for conducting scientific experiments as a method of learning in 
science class. Further validation of this positive behavior was corroborated by only 5% of 
all participants responding to the statement: “I do not like to spend much time on doing 
science experiments.” The interviewed students highlighted their interest in performing 
experiments many times. A fifth grader extoled, “I just totally like science. It just kind of 
makes me feel—it’s just fun to do. I guess that’s what makes me want to do it. It’s not 
sitting there and learning about it. It’s actually doing stuff.” Similarly, one student 
expressed having always liked school science but claimed she would not enjoy science if 
the curriculum were delivered primarily via textbooks. Recounting her favorite science 
experiment about electricity, she said, “It was cool to see what you could with it.” 
When asked about a teacher’s impact on the learning of science, one girl offered, 
“I know there probably are teachers out there who don’t like the subject as much as they 
should, so then they really don’t teach it. They do teach it, but they don’t really make it 
fun for you to learn. They just kind of ramble on about it.” 
For many of the participants (73%), thinking through a science problem was 
preferential to asking for help. In contrast, however, less than half the participants (43%) 
expressed wanting to help others to solve problems using knowledge acquired in science, 
and 38% were neutrally inclined to do so. While 73% percent of students agreed or 
strongly agreed that they would use alternative methods to expand their science 
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knowledge, interest in behaviors beyond scientific experimentation were significantly 
less than favorable. For instance, only 33% of students were inclined to visit science 
museums on the weekends, and 40% were neutral toward the activity. Additionally, 
reading science books did not evoke enthusiasm from the majority participants; 43% 
claimed enjoyment for reading science books, while 35% were neutral. Watching science 
shows on television elicited a similar response. Less than half (45%) disclosed preference 
for TV science shows, while 33% remained neutral. For example, when asked by the 
researcher if science shows were watched at home, one student responded, “I watch 
cooking shows…. I watch lots of cooking shows.” When asked about any other kinds of 
science shows she responded, “Not really.” 
Continuing along this vein of behavior, conversing about science among friends 
and parents was significantly absent. Only 20% of students voiced that they speak to their 
friends about science. Surprisingly, 40% divulged that when they do discuss science, they 
have differing opinions from their friends about science issues. Less surprisingly, 53% 
neither agreed nor disagreed to having science-related opinions different from their 
friends. Further exploration of the communicative behaviors of students revealed that as 
few as 28% of students always asked their parents science questions, 25% strongly 
disagreed or disagreed that they question their parents about science, and 48% neither 
agreed nor disagreed that they discourse about science with their parents. Exemplifying 
this result, of the six interviewees, two students reported having a parent who is a 
scientist, and of those two, only one child articulated that her parent, the scientist, 
discussed their job with her. Notably, contextual use of the adverb “always” may have 
factored into lower rates of agreement responses with this questionnaire item.  
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Table 2 summarizes the behavioral tendencies domain section of the TDSAS by 
percentages of the overall participants (N = 40) on the TDSAS Likert scale.  
 
 
Table 2 
Summary of TDSAS Student Behavioral Tendency in Learning Science 
Item 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
N = 40 / % 
4. I always ask my parents 
science questions. 
1/2.5 9/22.5 19/47.5 6/15.0 5/12.5 
6. I enjoy doing scientific 
experiments. 
1/2.5 0/0.0 1/2.5 7/17.5 31/77.5 
8.  I talk about science quite 
often with my friends. 
2/5.0 8/20.0 22/55.0 6/15.0 2/5.0 
9. I like to help others to 
solve the problems by 
using science knowledge 
I have learned. 
0/0.0 8/20.0 15/37.5 12/30.0 5/12.5 
12. To answer a science 
question I would think it 
over before asking for 
help. 
0/0.0 0/0.0 11/27.5 13/32.5 16/40.0 
14. I like watching the TV 
shows of science. 
1/2.5 8/20.0 13/32.5 10/25.0 8/20.0 
18. I like reading science 
books.  
1/2.5 8/20.0 14/35.0 7/17.5 10/25.0 
20. I do not like to spend 
much time doing science 
experiments. 
23/57.5 10/25.0 5/12.5 1/2.5 1/2.5 
21. I would try different 
ways to know more 
about science. 
0/0.0 2/5.0 9/22.5 14/35.0 15/37.5 
23. When we talk about 
science I always have 
different opinions from 
my friends. 
0/0.0 3/7.5 21/52.5 9/22.5 7/17.5 
25. I like to visit science 
museums on the 
weekends. 
2/5.0 9/22.5 16/40.0 11/27.5 2/5.0 
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Finding 3: The majority of students indicated a positive or neutral cognitive inclination 
to the study of science, evidenced by their self-confidence to do science. Certain student 
responses suggested that ability to do science is perceived as gender-equal but sustained 
interest in science may be perceived as gender-specific. Ability and interest were 
perceived as relational. 
Although 95% of students reported enjoying science through the act of scientific 
experimentation, 53% of students responded that remembering scientific concepts and 
theories was the most important aspect in learning science, while 43% neither agreed nor 
disagreed with that statement.  
In addition, 85% reported belief in the notion that scientific problems may be 
addressed with multiple answers. The TDSAS survey also revealed that 57% of students 
agreed or strongly agreed that the primary purpose for learning science is to try to solve 
real-world problems, while 30% were uncommitted to this notion. 
The majority (75%) of students asserted that teamwork is necessary for difficult 
scientific problem solving. One student compared problem solving as a team effort in 
science to the group and partner pairing they do for problem solving in math class. 
Another explained, “If scientists don’t have the right tools and stuff, they collaborate with 
the other scientists … probably in teams because usually when you have to find 
something, you can’t just do it by yourself…. So like they find people that have the skills 
that they don’t have. They work on a team. Then they all put like their name on it.” 
Well over half of the respondents (68%) reported believing that discoveries in 
science must be mysterious. However, the researcher did not follow this line of reasoning 
with questions during the interview process.  
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Regarding the inclination to become a scientist in the future, 35% of the girls 
strongly agreed or agreed that they desired to be a scientist, while 33% of students were 
neutral.  
For the majority of the interviewees, the concept that science ability was related to 
effort was shared almost unanimously. Furthermore, it was found that effort was tied to 
interest. The interviewees repeatedly echoed confidence in their ability to do science. 
Additionally, students viewed their classmates’ ability to do science with high regard.  
For all of the interviewees, one’s interest in science was perceived to influence 
one’s ability to do science. For example, when asked by the researcher about her 
classmates’ ability to do science one girl offered, “I think they do really well and, 
because I noticed that a lot of kids have picked up stuff really fast in my class.” She 
further described science interest this way: “Some kids might like science more than 
other kids because I think anybody can do anything that they put their mind to.” Another 
student observed about her classmates’ ability to do science as: “I guess if they don’t like 
science, they aren’t really good at it.” When prompted further by the researcher’s 
questioning if girls like science equally as much as boys she continued, “It kinda 
depends. It depends if the girls like science.” According to this child’s cognitive schema, 
a girl likes science “if they’re adventurous. If they like to try new things…. For some like 
my girlfriend who lives near my old home, it’s a favorite subject. She’s set on science 
and black holes.” Again, the perceived correlation between ability and interest is 
exemplified: “Because if they’re actually trying and doing what they’re supposed to, then 
they can understand it better than others…. If you like it, and you pay attention to it, then 
it’s easier than when you don’t.” 
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Significantly, while all the girls perceived that males and females share equal 
ability to do science, several girls commented that boys’ interest in science is stronger 
and persists longer than girls’ interest in science. For high school boys, one girl noted, 
“Their favorite subject in school is probably science … definitely.” When asked about 
high school girls, she suggested, “They’ll like art and sometimes gym.” When asked to 
explain her reasoning, she said, “Because the boys like the solar system probably more 
than the girls, and they like to learn about your body more than the girls. Some of them 
might think it’s gross.” Still, another child, when asked if science interest continues into 
high school said, “Well, it depends on like if they know what they wanna be and how it 
makes their interest.” 
The data item that one interviewee posited is of particular interest. She offered to 
the researcher, “I know that you’re doing this whole interview and stuff because girls 
tend to drift away from STEM subjects…. I think it’s just because girls, once they get 
older, begin to become more girls. They start to not really pay attention in class, as much 
as they do with their friends and at home and stuff.” She added, “It’s not all girls. It’s 
some girls.” When asked about the boys, she reflectively continued: 
I have no idea. They like—if you think they’re sports-crazed now, they get 
more—so they start to drift away from classes. I don’t know. Sometimes I think 
about if it ever has anything to do with the fact—with the judgment between boys 
and girls. I never appreciated that. I always thought it was unfair that people judge 
people by their gender. Considering the fact that girls can’t be as good as boys, 
just because they’re girls. I don’t like that…. I don’t know how to fix it, either. 
 
Notably, this student presumed the purpose and intent of the interview on her own.  
Table 3 summarizes the cognitive judgment domain section of the TDSAS by 
percentages of the overall participants (N = 40) on the TDSAS Likert scale. 
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Table 3 
Summary of TDSAS Student Cognitive Judgment Based on Their Values and Beliefs 
About Science 
    
Item 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
N = 40 / % 
13. The most important 
thing in learning science 
is to remember scientific 
concepts and theories. 
0/0.0 2/5.0 17/42.5 15/37.5 6/15.0 
15. Sometimes there are 
multiple answers for one 
science question. 
0/0.0 1/2.5 5/12.5 18/45.0 16/40.0 
17. I want to be a scientist 
when I grow up. 
6/15.0 7/17.5 13/32.5 3/7.5 11/27.5 
19. Teamwork is often 
needed for solving hard 
science problems. 
0/0.0 2/5.0 8/20.0 9/22.5 21/52.5 
24. The primary purpose to 
learn science is to try 
and solve the real world 
problems. 
1/2.5 4/10.0 12/30.0 18/45.0 5/12.5 
28. Scientific discoveries 
must be very 
mysterious. 
0/0.0 4/10.0 9/22.5 17/42.5 10/25.0 
  
 
 
Finding 4: All the interviewees (six out of six) attributed some, but not all, stereotypical 
characteristics to scientists involving appearance, location, and activity.  
Although four of the six girls stated they had not yet met a scientist, each girl 
described with consistency certain stereotypical aspects of scientists’ features and 
activities in their drawing and discussion about a scientist. The mDAST rubric was used 
to evaluate the drawings. This rubric is a vehicle to assess identification of stereotypical 
features of scientists and their work by categorizing the pictorial content according to 
whether the appearance, location, and activity of the scientist is sensationalized, 
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traditional, or broader than traditional. For example, sensationalized (score of 1) would 
connote monster-like, odd, or comical appearances; cave-like or scary locations; and 
scary, dangerous, or explosive work. Using the DAST, three of the six students depicted 
scientists as men, two girls drew females, and one student depicted herself. Five of the six 
girls depicted the scientists working in labs. One girl depicted the scientist working 
outside. Five of the six girls depicted the scientists mixing “potions” or chemicals or 
“serums,” while one girl depicted the scientist interacting with nature. Five of the six girls 
ascribed the use of goggles to their images of scientists. Four of six girls discussed that 
scientists require gloves. Of particular interest was the drawing of the child with a 
geoscientist parent, who still depicted her scientist as one working in a lab with 
“potions.” Table 4 summarizes the characteristics of appearance, location, and activity 
into the categories: sensationalized, traditional, and broader than traditional. (See 
Appendix D for rubric.) 
 
Table 4 
Summary of Students’ Drawings mDAST Score 
 
Characteristic 
Sensationalized Traditional 
Broader Than 
Traditional 
N = 6 
Appearance 0 2 4 
Location 0 4 2 
Activity 0 1 5 
   
 
Illumination of the perceptions and visualizations of scientists by the students was 
garnered during the interviews. One student elaborated that scientists “are helpful…, 
wear sciency clothes with white aprons ... have gloves on.” She further explained, “Cause 
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when I think of scientists, I think of potions when they—I think of potions because 
they’re gassy and sometimes when scientists think they talk about gassy stuff…, heat…, 
liquids.” The purpose of the potions is: “They’re just discovering new things about 
science … about how scientists use a lot of potions.” She thought scientists might be 
inventors. She did not think any scientists worked with animals or that they were 
astronauts.  
One girl pointed out that she intentionally made her scientist a person of color. 
When asked by the researcher what inspired her to do so, she offered, “Just because I 
don’t like it when people judge people on their color, so I just thought if I made him a 
different—a darker color—then it would just kind of show that he could do it, too.” 
Regarding astronauts as scientists, another participant said, “Well, sometimes 
[they are] and sometimes not because they could just be going up there for fun to see how 
it’s like. Sometimes they could be going there to find out facts about stuff.”  
An element of danger coupled with a sense of responsibility for safety wove its 
way through several of the girls’ discussions. As one student exclaimed that a scientist is 
“someone who’s really smart so they don’t mess up and like have a big explosion or 
something! She needs to know how to make the potion, and how to make it safe for other 
people…. Scientists learn from other people who teach her in school how to do it.” 
According to another child, “scientists deal with things that cause big explosions…. 
Scientists need to know how to make potions and how to keep it safe from others…. All 
scientists care about safety.” Still another girl stated, “They experiment at stuff like 
different serums, combining the serums and see what happens…. It’s also just a learning 
experience…. They would record it…. If it explodes, people won’t do it.” One child 
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differentiated that for a scientist “who builds stuff…, it’s not as dangerous, unless you get 
electrocuted [laughs].” 
While all the girls in some fashion pointed to scientists as people “who figure 
things out” several of the girls extended their conceptions of scientists. Most girls thought 
scientists were not popular, but that scientists had fun. All the girls thought that scientists 
liked their jobs and were happy to have visitors in their labs. As one girl stated, the job 
“was not the same old thing.” One stated that persistence is an important personality trait, 
while another student visualized scientists as “excited.” One student took a more global 
stance in their characterization, declaring, “Well, a scientist is really anyone…. A 
scientist could be a kindergartner because kindergartners do scientific things just at their 
level.” She continued,  
Every job has science in it…. If you’re a teacher, you teach science. If you’re like 
a doctor, you use science…. Then if you’re like a weather person, you use the 
science because you have to measure and stuff…. Builders are scientists…. 
Writers are scientists. 
 
While all the girls said no scientists had visited their science classes, one child 
offered that it would be beneficial as a source of motivation or influence to enjoy science: 
“Cause they can tell what they know, and what they did to become a scientist.” She 
acknowledged that her perception of scientists comes from videos of experiments. Only 
two girls could recall a prominent scientist, that being Einstein. Three of the six girls 
thought that an equal number of males and females work as scientists.  
The six interviewees created the drawings below (Figures 2 through 7). The 
researcher and two colleagues independently scored them according to the mDAST 
rubric. The scores follow the illustrations’ captions. 
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Figure 2. DAST #1. 
 
Caption: “Stacey is in a lab making postions [sic] and Liccy is in her lab. Stacey the 
scientist was in a lab showing postions [sic] to a girl named Liccy that just came inside 
Stacey’s lab.  
The conversational text on the front of the picture: Girl on right, “My name is Liccy. 
What are you doing? Where is your lab and what is your name?” Girl on the left, “Your 
[sic] in my lab! My name is Stacey. What is your name? Making postions [sic] for my 
lab.” 
Rubric: Appearance, Broader than traditional; Location, Broader than traditional; 
Activity, Traditional. 
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Figure 3. DAST #2. 
 
Caption: “My scientist was mixing chemicals to make a solution. ‘You have to be very 
careful handling this stuff. Sometimes it can be dangerous.’”  
Rubric: Appearance, Broader than traditional; Location, Traditional; Activity: Broader 
than traditional. 
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Figure 4. DAST #3. 
 
Caption: “The scientist in my picture was working on his computer. ‘I am selling static 
and un-static electricity bars to companies. Some companies need to get more static in the 
things that they are selling so they use a static bar [sic] Some companies needed to have 
less static so they get un-static bar [sic] I also test the static bars.’” 
Rubric: Appearance, Traditional; Location, Traditional; Activity, Broader than 
traditional. 
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Figure 5. DAST #4. 
 
Caption: “The scientist was a chemist, so he was showing a result of one of the chemical 
changes. ‘Well you see, I’m a chemist so that means I mix different chemicals together. 
It’s very dangerous so we wear protective goggles so it won’t get in our eyes. Some 
chemicals can burn through the table so you wouldn’t want it in your eyes would you?’” 
Rubric: Appearance, Traditional; Location, Traditional; Activity, Broader than 
traditional. 
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Figure 6. DAST #5. 
 
Caption: “The scientist was inventing a new kind of sponge. ‘So when I pour this liquid 
into this liquid and I dip this gooie [sic] stuff into the two liquids than [sic] the gooie [sic] 
stuff begins to grow. Isn’t that cool?’” 
Rubric: Appearance, Broader than traditional; Location, Traditional; Activity, Broader 
than traditional.  
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Figure 7. DAST #6. 
 
Caption: “The scientist in my picture was exploring insects/animals in their habitats to 
see if they could somehow help in curing disease and helping the sick in need. ‘I am out 
in nature exploring insects and animals to see if any of these living creatures could help 
us scientists find more and better medicine to cure sick humans.’” 
Rubric: Appearance, Broader than traditional; Location, Broader than traditional; 
Activity, Broader than traditional.  
 
 
Finding 5: The majority of survey participants (55%) were disposed to using science in 
their future career, with 35% indicating they aspired to be scientists in the future. Only 
one of the six interviewed students specifically connoted science as a future career 
option, while 4 of the 6 students had given considered thought to career interests.  
Overall, the interviewees had a myriad of thoughts about careers. For example, 
one student felt that it was too early and unimportant to think about her career just now, 
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but when prompted by the researcher to identify when it is time, she thought maybe 
secondary school, “but of course college.” Several of the students voiced the importance 
of learning about careers now so that they “could be more prepared.” Another girl 
pronounced, “My career interest is a weird inventor/scientist/mad scientist who does 
everything…. It sounds fun like to play with things and figure out what they do. Maybe a 
goal would be to make something better so I would experiment with that.” She indicated 
that her other career interests included becoming an architect and added, “I like math, 
too. Jobs like architects and builders need to be good at math.” 
Over half (55%) of students surveyed indicated that they would be interested in 
careers that use science. Only one of the six interviewees had determined that she would 
definitely not pursue a science career. As she iterated to the researcher, “because, like I 
said, science is boring.” She also put forth that scientists’ jobs were not important. From 
this child’s perspective, “firefighters” and “helicopter pilots” are important jobs for one 
to pursue, explaining, “If someone got hurt, from the air the emergency would come.” 
She suggested that it would be easier to be a singer than a scientist “because when you do 
science, there’s a lot of books that you have, and you have to study a lot.” This student 
further explained that she might be interested in a singing career because her hobby is 
singing, but offered that singers can be distracting for students as their song “gets in your 
mind, and you sing it all day, so you won’t learn in school.” 
The STEM-CIS survey documented that 73% of all participants enjoyed their 
science class, and 20% remained neutral. A majority of students (85% strongly agreed or 
agreed) reported successful competency in science class by achieving good grades, while 
only 5% strongly disagreed that they achieved good grades. The ability to complete 
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science homework was reported by 83% (strongly agreed or agreed), while 13% 
remained neutral. Working hard in science class was reported by 90% (strongly agreed or 
agree) of students, which was congruent with 70% of students acknowledging that doing 
well in science class will help them in their future career. 
Over half of the participants (53%) reported knowing someone in their family 
who uses science in their career, and 53% agreed or strongly agreed with feeling 
comfortable talking to someone with whom science is part of their career; 33% neither 
agreed nor disagreed.  
Well under half the children (38%) reported having a science career role model, 
and 40% neither agreed nor disagreed. Two students who indicated wanting to be a 
teacher shared that they had family members who taught, but the children denied that 
their family members influenced their career choice. One student, who could not identify 
the type of scientist her father is, shared her disinclination to follow in his footsteps. “All 
you do is sit there and look at rocks.”  
Children who agreed or strongly agreed that their parents would like it if they 
chose a career in science totaled 20%, with an overwhelming 68% of participants 
responding neutrally. 
Table 5 summarizes the Career Interest Survey results by percentages of the 
overall participants (N = 40) on the CIS Likert scale.  
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Table 5 
Summary of CIS Student Career Interest Items 
 
Item 
Strongly 
Disagree 
Disagree Neutral Agree 
Strongly 
Agree 
N = 40 / % 
1. I am able to get a good 
grade in my science class. 
0/0.0 2/5.0 4/10.0 23/57.5 11/27.5 
2. I am able to complete my 
science homework. 
2/5.0 0/0.0 5/12.5 6/15.0 27/67.5 
3. I plan to use science in my 
future career. 
1/2.5 5/12.5 12/30.0 12/30.0 10/25.0 
4. I will work hard in my 
science classes. 
2/5.0 0/0.0 2/5.0 7/17.5 29/72.5 
5. If I do well in science 
classes it will help me in 
my future career. 
1/2.5 1/2.5 10/25.0 12/30.0 16/40.0 
6. My parents would like it if 
I choose a career in science.  
1/2.5 4/10.0 27/67.5 3/7.5 5/12.5 
7. I am interested in careers 
that use science. 
1/2.5 6/15.0 11/27.5 11/27.5 11/27.5 
8. I like my science class. 2/5.0 1/2.5 8/20.0 6/15.0 23/57.5 
9. I have a role model in a 
science career. 
0/0.0 9/22.5 16/40.0 11/27.5 4/10.0 
10. I would feel comfortable 
talking to people who work 
in science careers. 
2/5.0 4/10.0 13/32.5 11/27.5 10/25.0 
11. I know of someone in my 
family who uses science in 
their career. 
6/15.0 6/15.0 7/17.5 7/17.5 14/35.0 
 
 
 
Results and Interpretations 
This section discusses the main results of this study based upon the findings that 
emerged through data analysis. The findings were synthesized and interpreted through the 
reviewed literature and developed conceptual framework: self-efficacy, gender 
stereotype, career choice theory. The problem that this study sought to address is an 
understanding of contributions to the beginning of the leaky STEM pipeline that may be 
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revealed by the exploration of female preadolescent students’ attitudes and perceptions 
about science, scientists, and early career interest development.  
Self-Efficacy and Preadolescent Female Students’ Attitudes Toward Science 
Results from this study clearly indicate that the majority of the preadolescent 
female participants, when measured by the TDSAS and CIS, displayed an overarching 
positive attitude toward science in the domains of affect, behavior, and cognition. 
Furthermore, they exhibited a well-developed sense of self- confidence in their ability to 
do science. These results bear upon Bandura’s theory of self-efficacy (1977, 1993), 
which posits that one’s behavior and choices are affected by beliefs in one’s self-
competence or ability to be successful at particular tasks. With regard to experiencing 
success in the science classroom, the girls exemplified positive behaviors expressed 
through willingness to work hard, to do the required homework, and to achieve good 
grades. This finding may not be surprising in light of the overall high academic 
achievement this school site enjoys, indicated by at least the measure of state 
standardized tests.  
The girls responded that they readily desired to engage in, think through, and 
solve problems as independent learners before asking for help and passively accepting 
answers to problems. This willing engagement with science curricula points to a certain 
level of marked assuredness in one’s cognitive abilities to tackle problems with success. 
These results may contradict the findings of Pajares (1996), who reported that while girls’ 
and boys’ abilities were similar in a variety of school activities, girls often reported lower 
self-efficacy. However, this study does support Pajares’ (1996) argument for the need for 
research “at the lower academic levels, especially those in which these sorts of self-
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beliefs begin to be created” (p. 556). These positive self-beliefs of this study’s 
participants appear to be forming at these lower grade levels.  
Additionally, this study shows little conclusive evidence that preadolescent girls 
perceive the study of school science as predominantly masculine, which has been 
examined in studies by Archer et al. (2012) and Rice et al. (2013). However, the girls in 
this study, while not fully evident here, may very well be subtly developing a hegemonic 
formulation of science.  
The researcher agrees with Neathery (1997), who suggested that at early ages 
favorable attitudes toward science must be developed and maintained. Neathery’s 
research analysis of international assessments of 9- to 13-year-old students suggested that 
males show more excitement for science than do females. While excitement was not 
distinctively defined in Neathery’s study, it is difficult to imagine these preadolescent 
girls were not excited to learn science when 85% of the respondents strongly agreed or 
agreed that learning science is fun. However, this study did not assess the attitudes or 
perceptions of males, so a comparative view is not available. 
The almost unanimous agreement by participants that they like doing science 
experiments coupled with 85% of the girls’ (N = 40) reporting that learning science is fun 
at first glance seems highly informative to support the notion that science is a preferred 
subject that will be sustained throughout elementary school and beyond. However, it 
could be inferred that simply learning through active experiential engagement with 
curricular material is preferential to reading from a textbook. Therefore, caution should 
be exercised when assessing the impact of statements such as “learning science is fun” 
and “I enjoy doing science experiments” as positive indication for developing interest for 
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STEM. For example, the interviewee who stated that “science is boring” 
counterintuitively agreed to the survey items that learning science and doing scientific 
experiments is fun.  
Examining the participants’ attitude that science is an important topic to study, an 
overwhelming 95% (N = 40) agreed or strongly agreed. Combined with the 
aforementioned data, one might construe, therefore, that for these girls it is of value to 
study science. This is important to consider against Eccles’ (1994) expectancy value 
framework that posits that one makes decisions based on positive attitudes, beliefs, and 
the expectation of being successful at tasks that are perceived to hold value. Again, a 
judicious assessment of this construction must be exercised. While learning science may 
have substantial value, that may not transfer to a more deeply exercised personal value of 
becoming a scientist. This idea will be examined again in the career section below. 
Gender Stereotype, Inequality, and Preadolescent Female Students’ Perceptions of 
Scientists 
Researchers have suggested that while adolescents generally know gender 
stereotypes, very young children might know gender stereotypes as well (Wigfield & 
Eccles, 2000). The DAST data from the six interviewees’ images of scientists confirmed 
that certain stereotypical features are imbedded within the cognitive schema of these 
preadolescent females, although, somewhat surprisingly, three of the girls depicted 
female scientists in their drawings. This finding may contradict the findings of Medina-
Jerez et al. (2011). They employed the Draw-A-Scientist Test (DAST-C) to investigate 
the perceptions of Bolivian and Columbian students in grades 5 through 11 regarding 
science and scientists. The researchers found that if females were depicted in the 
drawings, the females were featured in a secondary role, such as standing off in the 
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corner or standing next to the male scientist. Thus, the portraiture in this study may 
indicate, at least for three of the six interviewed girls, a less stereotypical and thus 
expanding view of the widely-held, hegemonic masculine construct of a scientist. 
Perhaps this finding signals a progressive, constructivist view at work.  
Nonetheless, the activity of two of the three female scientists in the drawings was 
stereotypical. It is the researcher’s position that the renderings of scientific activity in 
each drawing were particularly noteworthy. Responding to the DAST prompt to “Draw a 
scientist busy with the work this scientist does” (Farland-Smith et al., 2012), four of the 
scientists were drawn in “their labs,” “mixing potions, serums, and chemicals.” While 
certainly not negative, mixing potions in a lab decidedly conveys a specific stereotypical 
view of scientific work. Examining the representations further, stereotypical items of 
goggles, gloves, flasks, and “sciency” clothing were included. Collectively, this is a 
narrow, stereotyped view of scientists. This stereotype may be so entrenched at an early 
age that one of the interviewees, the child of an other-than-chemist scientist parent, drew 
a stereotypical image, negating the image of the parent’s scientific role.  
The question begs to be asked, “What are the origins of these perceptions?” The 
sources may be difficult to pinpoint. When the researcher asked five of the six 
interviewees the source of inspiration for their ideas about science and scientists, one 
said, “From our science class in school,” while the others said they were not sure or did 
not know. According to some researchers (Leaper & Brown, 2008), children’s 
perceptions and orientation toward science and scientists are formed throughout 
childhood from an array of cultural and social influences. For example, at the study 
school site, a hallway bulletin board promoted the biennial school science fair with a 
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stereotypical, comedic illustration: the be-goggled, gloved, bow-tied, mustached, elder 
White male with flailing grey hair, in a lab coat, holding up a flask of blue liquid with the 
title “WE’RE MAD ABOUT SCIENCE” scattered across the top of the display. It is 
difficult, at best, to determine if this display may have influenced any of the interviewees, 
but it ought to be considered.  
Gender inequality is often offered as a contributing construct to partially explain 
the underrepresentation of females in STEM (Riegle-Crumb et al., 2011). A small nod to 
this situation may have been voiced by one of the preadolescent girls when she 
articulated, “I always thought it was unfair that people judge people by their gender.” 
While not a dominant feature in this study, the construct of gender bias had manifested at 
this early age. Further evidence of developing bias can be seen in the comments about 
boys’ favorite subject being science, that girls will like art and gym (in lieu of science) 
when they get older, and that boys are “sports-crazed now” and that an exaggerated 
interest would continue to grow.  
Even the stereotypical aspect of chemical explosions and danger referenced by 
several of the girls did not appear to be the sole province of male scientists. As captioned 
in Figure 3, the female scientist was saying, “You have to be very careful handling this 
stuff. Sometimes it can be dangerous.”  
Several girls intimated that scientists were not popular but that they enjoyed their 
jobs. 
Career Choice Theory and Preadolescent Female Students’ Early Career 
Development 
“The STEM pathway is composed of a series of choices and achievements that 
commence in childhood and adolescence” (Wang & Degol, 2013, p. 305). The findings in 
74 
 
this study validate that which Wang and Degol (2013) posited: The early development of 
STEM career interests is prevalent in preadolescent females. Perhaps one of the most 
significant findings to emerge from this study was that 35% of respondents (N = 40) 
agreed or strongly agreed to the TDSAS item statement: “I want to be a scientist when I 
grow up.” As well, 55% (N = 40) agreed or strongly agreed to the CIS item statement: “I 
plan to use science in my future career.” These data need to be considered more closely.  
One perspective is that a 35% interest in becoming a scientist for this study 
population is quite high—it translates to 14 of 40 girls wanting to become scientists for 
their careers. In reality, it seems rather unlikely that this outcome would happen. Even so, 
it is remarkable that 55% indicated they plan to use science in their future careers. That is 
to say, 22 preadolescent females are not only capable of determining a scientific 
component in their future careers, but more importantly, they are indicating commitment 
to it! Similarly, Ing et al. (2014) posited that early school experiences in science and early 
interest in science might be factors that relate to high interest in science careers. 
On the other hand, a 35% interest might seem comparatively low when 95% of 
the girls think science is important to learn, 95% of the girls report enjoying science 
experiments, and 85% of the girls said science is fun to learn. These percentages would 
seem to indicate a greater than 35% science career interest. This interpretation is buffered 
by strong self-efficacious attitudes and behaviors: 90% work hard in science class, 85% 
get good grades, 87% would rather learn through experimentation, and 75% would be 
happy to solve real world science problems.  
Still, from either perspective, 35% represents a significant potential STEM career 
development population that ought to be given utmost attention, particularly with regard 
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to stereotype threat. For instance, the researcher recalls an interviewee hypothesizing that 
girls “drift away” from STEM subjects because “once they get older, (girls) begin to 
become more girls. They start to not really pay attention.” The researcher suggests that 
this and similar perceptions may be more threatening to girls than that of the stereotyped 
male scientist or male gender bias. The generalization made by preadolescent girls that 
girls “become more girls” may affect behaviors and attitudes that would deter otherwise 
science-oriented females. Thus, every effort must be made to keep and maintain the 
interest of this wide majority of girls who display positive attitudes and interests in 
learning science at an early age. This study supports the findings of Christensen et al. 
(2014), who conducted research for an NSF project on digital fabrication with results 
suggesting that elementary student interest toward STEM was positive, and efforts should 
be made to maintain that interest which appears to exist at early levels. Thus, efforts to 
mitigate stereotype threats are essential.  
Howard et al. (2015) concluded that children have the capacity to freely 
demonstrate understanding of some influences that may help shape their career 
aspirations. Through the development of the Social Cognitive Career Theory (SCCT; 
Lent et al., 1994) these researchers posited that interests are developed through learning, 
and that social factors and cognition impact career development interests.  
Against this backdrop, the fact that only 20% (N = 40) of participants reported 
their parents would like it if they chose a career in science while 68% remained neutral 
will now be examined. The researcher speculates that it is only these 20% of participants 
who are engaged in career-oriented discourse with their parents. The remaining 68% 
simply have not discussed science-related careers with their parents, and were therefore 
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unable to agree or disagree with the statement. This interpretation is further supported 
with the finding that only 28% (N = 40) reported they asked their parents questions about 
science. Looking more closely, one must wonder why such a large majority of female 
students might not be discussing these important topics with such an influential group as 
their parents. The researcher speculates that the students are not being informed about 
career options and choices in school, which in turn mitigates conversations at home. Thus 
they rely on stereotypical images derived from the larger media and societal lens, 
illustrative for example, by the DAST images of the scientist, whether male or female, as 
chemist.  
This circumscribed view may preclude identification with a much greater range of 
choices and alternatives in scientific occupations from which girls may derive purpose 
and value. Eccles’s (1994) expectancy-value framework asserts that one makes decisions 
based on positive attitudes, beliefs, and the expectation of being successful at tasks that 
are perceived to hold value. Thus, for female preadolescent students, science is fun and 
important to learn in school but may lack personal value and appear mundane as a career. 
In addition, lack of science career information denies insights by students to the 
considerable socioeconomic wellbeing such careers may offer. Furthermore, Watson et 
al. (2015) posited that foundational career constructs are formed in early childhood and 
thus necessitate a more systematic approach to career development, particularly in light 
of 21st-century technologies and market complexities; these skills ought to be developed 
as soon as possible to adequately prepare children for their future occupations.  
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Summary 
Chapter 4 described the research findings related to preadolescent female 
students’ attitudes, perceptions, and developing career aspirations toward science and 
scientists. The results were synthesized and interpreted through the conceptual 
framework of self-efficacy, gender stereotype, and career choice theory and the literature 
reviewed in Chapter 2. Interpretation of the results revealed that preadolescent female 
students at the third, fourth, and fifth grade levels had significantly positive affective, 
behavioral, and cognitive attitudes toward science. These students also held some 
stereotypical images of scientists. Finally, a majority of the students indicated they 
planned to use science in their future careers, while a substantive minority of students 
wanted to become scientists.  
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS 
Introduction 
This qualitative case study was designed to examine the underrepresentation of 
females in STEM from a unique vantage point: the beginning of the pipeline. Many 
studies have been done at the secondary, collegiate, and professional levels to explore the 
problem, but few have been aimed at the primary school level. This study was conducted 
with a random sample of 40 preadolescent third, fourth, and fifth grade female students 
who were surveyed about their attitudes and perceptions of science and scientists and 
their potential interest and early career aspirations toward STEM fields.  
Data were collected using the TDSAS and CIS survey questionnaires. In addition, 
six of the girls took the DAST and were interviewed using a semi-structured interview 
protocol. Data were coded around the conceptual framework of self-efficacy, gender 
stereotype and inequality, and career choice theory. Major findings included:  
1. A majority of girls revealed significantly positive attitudes toward learning 
science.  
2. An overwhelming majority of girls engaged in highly positive behaviors of 
science.  
3. An overwhelming majority of girls indicated high cognitive achievement in 
science.  
4. A majority of girls held stereotypic views of scientists’ work and appearance.  
5. A majority of girls planned to use science in their careers, while a minority 
planned on being scientists. 
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These girls thought science was an important topic to study and displayed a self-
confident attitude regarding their ability to learn science and be successful in science 
class. They highly enjoyed scientific experimentation and deeply valued problem solving. 
While they implied that they did not experience gender bias, the girls did engage in 
stereotyping scientists. Over half the girls expected to use science in their future careers, 
while a minority had already determined they wanted to be scientists when they grow up. 
This final chapter presents the major findings and conclusions from this research and 
addresses recommendations for action to serve the girls who affect the early stage 
formation of the STEM pipeline. 
Conclusions 
New insights about preadolescents’ interests toward science and scientists were 
gained from the female children themselves. The three questions that framed this study 
and a discussion of the answers are presented here.  
Research Question 1: What are the attitudes about science held by preadolescent female 
students at the third, fourth, and fifth grade levels? 
The majority of study participants responded with strong positive affective, 
behavioral, and cognitive attitudes toward science, particularly demonstrated by an 
overwhelming agreement that science was important to study in school, they enjoyed 
learning science in school, and learning science was fun. Fully 95% of the participants 
enjoyed scientific experimentation in science class. Many students thought science was 
relevant to their life and revealed they would be happy to solve real-world problems with 
learned theoretical and conceptual science knowledge. The majority clearly indicated 
enjoying problem solving and preferred solving problems themselves rather than being 
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supplied the answers. Furthermore, many agreed that there were multiple answers to 
individual problems and that teamwork was necessary for solving difficult science 
problems.  
The keen enjoyment of science in school was not, however, demonstrated to be as 
strong outside of school. Reading science books, watching science TV shows, visiting 
science museums, and discussing science with friends and parents were significantly 
devoid of participation. This finding highlights the critically important role that schools, 
and more significantly teachers, play in the development of positive attitudes toward 
science learning. 
Additionally, the interest in science was perceived by the participants to be 
relational to effort but not causal to ability in science. Gender bias toward science ability 
did not appear evident within this population. Indeed, all the interviewees indicated that 
girls and boys performed science equally well but hinted that boys may enjoy science 
more than girls at older ages and upper grade levels.  
Research Question 2: What are the perceptions about scientists held by female 
preadolescent students at the third, fourth, and fifth grade levels?  
All the interviewees, with one exception, perceived scientists with some 
stereotypical attributes in their appearance, with their science activities, and in the 
location of their work. For example, even when scientists were depicted as female, 
scientists’ appearance included goggles and gloves, their primary activity included 
mixing “potions” and chemicals, and their work occurred in labs and could be dangerous. 
All scientists were perceived to be concerned with safety. 
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Notably, however, some girls expanded their perceptions beyond the stereotyped 
image. For example, one child depicted herself as a scientist outside in nature exploring 
insects for their potential contribution to medicinal cures for disease. Another expressed 
that everyone was a scientist, including kindergarteners through writers. One girl was not 
sure if all astronauts were scientists, because some astronauts “could be just going up 
there for fun.”  
Several girls concurred that scientists were not popular, although they liked their 
jobs and had fun. One said science was boring, intimating that scientists were boring.  
While stereotypical characteristics of scientists still appear markedly entrenched, 
and surprisingly so with this age group, there does seem evidence of a slight, albeit 
infinitesimal, paradigm shift away from the hegemonic White male scientist image.  
Research Question 3: How might these attitudes and perceptions affect the choices 
females make in the early development of career aspirations and interests to participate 
in the STEM fields?  
The fact that 35% of study participants revealed aspirations to be a scientist in 
their future career, and 55% of them indicated they would use science in their future 
careers is significant. Depending on the lens from which this information is considered, 
either a positive or negative stance can be taken.  
First, if 35% represents a significant amount of students currently committed to 
becoming scientists, can and will this interest be sustained over time as they move ahead 
through the upper grade levels? It is critical that, in school, these predetermined interests 
toward being scientists in STEM are immediately and deliberately captured and nurtured 
as the girls continue to develop self-efficacious behaviors and attitudes toward being 
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scientists. Indeed, while the majority of participants repeatedly endorsed the learning of 
science in school as important, fun, achievable, and devoid of gender bias, outside school 
interest in science did not necessarily support the pursuit of science career aspirations to a 
significant extent.  
Alternatively, 35% may be a weak response toward interest in science career 
aspirations when juxtaposed against the overwhelming majority of girls indicating 
significant positive attitudes and behavior toward learning science, combined with a 
potentially lessened stereotypical image of scientists. That is to say, while there appears 
to be significant value to doing science in school, there may be less inherent personal 
value attached to doing science as a career. Why might this be so?  
The researcher proposes the situation to be less a problem of determined interest 
and aspirations of preadolescent girls, and more a problem with lack of disseminating 
critical knowledge and discourse about the great diversity of scientific career activities, 
the vast array of types of scientists, and the advantageous socioeconomic benefits 
attached to STEM careers. In conclusion, the researcher suggests that preadolescent 
female student potential needs to be served in a systemic, meaningful, and sustainable 
way to develop existing, latent, or future STEM career aspirations.  
Recommendations  
The researcher offers the following recommendations based upon the findings and 
conclusions of this study. These recommendations are for educational stakeholders 
including teachers, administrators, policy makers, parents, researchers, and creators of 
media.  
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Recommendations for Teachers  
It can be argued that teachers may have the greatest influence, both in the short 
run and the long term, on students’ development of academic interests, inclinations, and 
achievement. Teachers’ actions, attitudes, biases, and knowledge proficiency critically 
impact the success of the female child learning science. It is important that teachers 
capitalize on the lack of gender bias science identification that may not have yet 
developed in their elementary classrooms or mitigate the stereotypes that may have 
formed with this demographic and make explicit that science is not the sole province of 
males, nor is it a masculine subject. To affect this, first and foremost teachers should 
determine students’ perceptions of scientists and their attitudes toward science to obtain a 
baseline of information at the inception of the school year. Armed with this information, 
teachers can design interventions to reduce stereotypes and enhance positive attitudes. 
Therefore, teachers should: (1) Self-assess their own instructional practices so as not to 
favor male students’ orientation toward science over the girls. (2) Monitor the classroom 
climate for gender bias. (3) Reflect on their personal attitudes toward science. (4) Create 
a dynamic classroom atmosphere that encourages creative exploration and collaboration. 
(5) Seek out and use gender-equal and female-prominent curricular material. (6) Be 
highly vigilant to girls who show greater than average curiosity and inquisitiveness to 
science investigations and nurture their predilections. (7) Be alert to girls who show 
unusual facility to grasp concepts readily and easily and provide enrichment. (8) 
Prioritize science instruction to situate it with equal importance to math and language arts 
instruction. (9) Incorporate the frequent use of supplemental resources including 
technology and STEM web-based sites for enrichment. (10) Integrate cross-curricular 
topics in language arts and math with science. (11) Deliver concepts and theories through 
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readily implementable scientific experimentation. (12) Foster parent/female student 
discourse around science learning and career interests. (13) Encourage out of school 
activities including visits to science, technology, and space museums. 
Recommendations for Administrators and School Sites  
While the burden to deliver dynamic, creative, and integrated non-gender biased 
science instruction falls squarely on the shoulders of classroom teachers who are tasked 
to single-handedly and adeptly deliver an entire curricular program, school-site 
administrators and district policy leaders can do much to create instructional science 
programs for implementation to increase female STEM interest at the earliest stages of 
academic learning. They can: (1) Create intentional early career development programs 
throughout the elementary years that deliver tailored and curated information to 
preadolescent females about the socioeconomic advantages and the myriad types of 
STEM careers available for the future. (2) Mandate coding instruction curriculum at each 
grade level for spiraled instruction through the elementary years. (3) Develop an 
appropriate and explicit engineering curriculum for the elementary grade levels. (4) 
Develop curricula that deliberately integrate art into science lessons. (5) Develop a best 
practices bank of instructional strategies specifically geared to instructing females in 
science. (6) Develop professional learning communities for teachers around science 
instruction for females. (7) Promote and allow team teaching for science instruction to 
maximize resources and materials with the constraints of limited instructional time 
parameters. (8) Use technology to access for girls to meet other female science students 
at the global level for international collaborative problem solving. (9) Initiate school-wide 
and district-wide Junior Science Olympiad competitions. (10) Be alert to and discourage 
school cultural gender bias in the promotion and participation in science fairs. (11) 
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Establish female high school STEM student speaker bureaus as role models for young 
girls to promote and sustain preadolescent science interest. (12) Institute school-wide 
STEM days in the vein of athletic field days. (13) Honor scientific inquiry and 
experimentation by female students with “scientist of the month” tributes.  
Recommendations for Policy Makers 
Policy makers can legislate policies in support of district and site-based initiatives 
to increase sustainable interest for females in STEM throughout their K-12 education. 
They can: (1) Reallocate time adherences for science instruction by increasing the 
available science instruction minutes. (2) Establish and fund young adult STEM 
mentorship programs for female elementary students. (3) Institute and foster ongoing, 
sustainable liaisons between school and community resources to invite female STEM 
professionals to work closely with young science students in the classroom. (4) 
Contextualize and emphasize science classes as “gateway” career classes compared with 
math and language arts classes that function as fundamental skills subjects. (5) 
Incentivize teachers for promoting science study and excellence in scientific inquiry by 
female students. 
Recommendations for Further Research 
There is a dearth of literature that explores the attitudes and perceptions of 
preadolescent females toward science, particularly through qualitative studies. Further 
qualitative studies with this demographic group would grow a body of data to illuminate 
critical feelings about science and scientists that affect STEM career aspirations from the 
children’s perspective. This research can inform teaching institutions that train 
elementary teachers in science instruction for sensitivity and awareness of the issues 
around the underrepresentation of females in STEM. Qualitative longitudinal studies that 
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track female preadolescent interest (or lack thereof) in science would provide further 
insight. Research into the implementation of elementary career development programs 
would benefit schools that recognize the viability and need for this intervention. 
Additional research using the TDSAS, CIS, and DAST in tandem would provide schools 
with an informed picture of how their female student population is oriented toward 
science. Additionally, research that compares teachers’ attitudes and perceptions of their 
instructional practices to that of their female students’ could be studied. Finally, research 
to study media influences on the developing female students’ career aspirations would be 
informative.  
Summary 
Chapter 5 presented the conclusions and answered the three foundational 
questions that informed the study. Recommendations for action were offered for various 
stakeholders.  
The researcher suggests that the scientific potential and interest of preadolescent 
female students is not being served in a systemic, meaningful, and sustainable way to 
nurture existing, latent, or future STEM career aspirations. It is the researcher’s hope that 
further studies will provide deeper insights to illuminate the attitudes and perceptions of 
preadolescent female students, and thus help design effective interventions to shore up 
the opening and mitigate the leaks along the STEM pipeline. It is critical for stakeholders 
to advocate for and take action on behalf of this important demographic by listening to 
their young voices and providing clear pathways to significant STEM opportunities 
benefiting their futures, which benefits ours. These female voices are saying, “I want to 
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solve problems, I work hard, I know who I am, I am equal to boys, and I want to have fun 
while learning. And I am interested in STEM!”  
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APPENDIX A: INTERVIEW PROTOCOL 
Introduction:  
Thank you for helping me to learn about your ideas about science and scientists! 
The interview questions are: 
Warm-up: 
1. What is your name? 
2. How old are you? 
3. What grade are you in? 
4. What is your favorite subject? 
Probe: I’d like to learn about your feelings and thoughts about science. 
Main Body: 
5. When you think about the subject of science in general what thoughts or ideas 
do you have? Feelings? For instance, earth science, space science, chemistry, 
physical science, natural science. 
6. When you think about whom scientists are, what are your thoughts and ideas? 
Feelings? 
7. What are your thoughts about studying science? Feelings? 
8. What are your feelings about your ability to do science? 
Probe: I’d like to learn about your science classes. 
9. What was your favorite science lesson and what made it that way? 
10. What are your thoughts about your classmates and their ability to do science? 
11. Who or what influences your ideas about science, in other words, how do your 
ideas and feelings about science form? 
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Cooling off:  
12. What are your ideas about you becoming a scientist when you grow up?  
13. Is there anything else you would share with me about your thoughts and 
feelings about science? Scientists? 
14. Is there anything else at all that you would like to talk about? 
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APPENDIX B: TDSAS 
 Strongly agree Agree Neutral Disagree Strongly Disagree  
 5 4 3 2 1 
1. I think it is very important to learn science 5 4 3 2 1 
2. I like learning science very much 5 4 3 2 1 
3. I think learning science is fun 5 4 3 2 1 
4. I always ask my parents science questions 5 4 3 2 1 
5. Science is very important to our life 5 4 3 2 1 
6. I enjoy doing scientific experiments 5 4 3 2 1 
7. I want to know more about the natural world around me 5 4 3 2 1 
8. I talk about science with my friends quite often 5 4 3 2 1 
9. I like to help others to solve the problems by using science knowledge I have learned 5 
4 3 2 1 
10. I think it is fun to solve science problems. 5 4 3 2 1 
11. I like to find out why something happens by doing experiments rather than by being 
told 
 5 4 3 2 1 
12. To answer a science question, I would think it over before asking for help 5 4 3 2 1 
13. The most important thing in learning science is to remember scientific concept and 
theories 
 5 4 3 2 1 
14. I like watching the TV shows of science 5 4 3 2 1 
15. Sometimes, there are multiple answers for one science question 5 4 3 2 1 
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16. Learning science will help me to learn other subjects 5 4 3 2 1 
17. I want to be a scientist when I grow up 5 4 3 2 1 
18. I like reading science books 5 4 3 2 1 
19. Team work is often needed for solving hard science problems 5 4 3 2 1 
20. I do not like to spend much time on doing science experiments 5 4 3 2 1 
21. I would try different ways to know more about science 5 4 3 2 1 
22. Science is relevant to our lives. 5 4 3 2 1 
23. When we talk about science, I always have different opinion from my friends 5 4 3 2 
1 
24. The primary purpose to learn science is to try to solve the real world problems 5 4 3 2 
1 
25. I like to visit science museums on the weekends 5 4 3 2 1 
26. I would be happy if I could solve real problems by using science knowledge I learned 
in school 5 4 3 2 1 
27. I am curious about the natural world around me 5 4 3 2 1 
28. Scientific discoveries must be very mysterious 5 4 3 2 1 
Finalized TDSAS Constructs and Items Associated with each Construct: Student 
affective feeling about science was measured through using questions 1, 2, 3, 5, 7, 10, 11, 
16, 22, 26, 27; Student behavioral tendencies in learning science were measured through 
using questions 4, 6, 8, 9, 12, 14, 18, 20, 21, 23, 25; Student cognitive judgment of 
science based on their values and beliefs about science 13, 15, 17, 19, 24, and 28. 
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APPENDIX C: STEM-CIS 
Strongly Disagree (1), Disagree (2), Neither Agree nor Disagree (3), Agree (4), Strongly 
Agree (5) 
Science 
 
1. S1 
I am able to get a good grade in my science class. 
  
2. S2 
I am able to complete my science homework. 
  
3. S3 
I plan to use science in my future career. 
  
4. S4 
I will work hard in my science classes. 
  
5. S5 
If I do well in science classes, it will help me in my future career. 
  
6. S6 
My parents would like it if I choose a science career. 
  
7. S7 
I am interested in careers that use science. 
  
8. S8 
I like my science class. 
  
9. S9 
I have a role model in a science career. 
  
10. S10 
I would feel comfortable talking to people who work in science careers. 
  
11. S11 
I know of someone in my family who uses science in their career. 
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APPENDIX D: DESCRIPTION OF SCORING CATEGORIES IN DAST RUBRIC 
 
Appearance 
Illustrations which score a “1” in APPEARANCE can be referred to as ‘sensationalized’. 
These drawings contain a man or a woman who may resemble a monster or who has 
clearly odd, or comic book-like APPEARANCE. Illustrations which score a “2” in 
APPEARANCE can be referred to as ‘traditional’. These drawings contain a standard 
looking white male. Illustrations which score a “3” in APPEARANCE can be referred to 
as ‘broader than traditional’. These drawings include a minority or woman scientist. 
Illustrations which score a “0” in APPEARANCE can be referred to as ‘can’t be 
categorized’. These drawings may contain a stick figure, a historical figure, or no 
scientist or a teacher/student.  
Location  
Illustrations which score a “1” in LOCATION can be referred to as ‘sensationalized’. 
These drawings contain a LOCATION that resembles a basement, cave, or setting of 
secrecy, scariness or horror, often with elaborate equipment not normally found in a 
laboratory. Illustrations which score a “2” in LOCATION can be referred to as 
‘traditional’. The setting of this drawing is a traditional laboratory with a table and 
equipment (may include a computer) in a normal-looking room. Illustrations which score 
a “3” in LOCATION can be referred to as ‘broader than traditional’. These drawings 
include a scene that is not a basement laboratory and different from a traditional 
laboratory setting. Illustrations which score a “0” in LOCATION can be referred to 
‘cannot be categorized’. The scene of this drawing may be difficult to determine or that 
of a classroom.  
Activity 
Illustrations which score a “1” in ACTIVITY can be referred to as ‘sensationalized’. 
These drawings reveal an ACTIVITY that may include scariness or horror, often with 
elaborate equipment not normally found in a laboratory. Drawings which include fire, 
explosives, or dangerous work are also included in this category. Illustrations which score 
a “2” in ACTIVITY can be referred to as ‘naïve or traditional’. These drawings reveal an 
ACTIVITY that the student believes may happen, but in truth, the ACTIVITY is highly 
unlikely to occur. This category also includes drawings where the student writes, “this 
scientist is studying . . . or trying to. . .”, but does not show how this is being done. 
Illustrations which score a “3” in ACTIVITY can be referred to as ‘Broader than 
Traditional’. These drawings portray realistic activities that reflect the work a scientist 
might actually do with the appropriate tools needed to perform these activities. A student 
may write, “this scientist is studying… or trying to…and, shows how this is being done. 
Illustrations which score a “0” for ACTIVITY can be referred to as ‘difficult/unable to 
determine’. 
(Farland-Smith, 2012, pp. 115-116) 
